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Seétion 1
Objective

The U. S. Environmental Protection Agency (EPA) has determined that materials
originating from the Libby, Montana, vermiculite mine are sources of amphibole
asbestos and should be removed (EPA 2002). Therefore, current investigations at
residential and commercial properties in Libby focus on finding these source
materials. However, because of the complexity of the Stimson Lumber Company
(Stimson) facility relative to most properties under investigation in Libby, less was
known about potential exposures, if any, that may result from disturbances of source
materials. Therefore, the EPA determined that a more comprehensive investigation
was required at Stimson than at other less complex commercial properties in Libby.

To investigate the potential impacts of these source materials, the EPA pursued a two-
part approach. Initially, personal air, stationary air, and microvacuum dust samples
were collected in areas where vermiculite is known or suspected to be present. These
samples were collected to determine potential exposure information in these areas.
The results of this air and dust sampling effort are discussed in this report. All
sampling was conducted in accordance with the Property Specific Sampling and Analysis
Plan, Air and Dust Sampling, Stimson Lumber Company, Libby Asbestos Project, Libby,
Montana, (CDM Federal Programs Corporation [CDM] 2002a).

Secondly, the EPA conducted a study to screen all areas of the facility for potential
amphibole asbestos sources, similar to the contaminant screening study (CSS)
currently in progress at properties in Libby. This report will be updated to reflect the
results of the study once analytical data is available.

The primary objective of this effort ,is"té document and delineate potential sources of
amphibole asbestos in a comprehensive, systematic manner. '

The results of the two-part study are presented in this document. EPA will use this
information to: :

® Determine the need for any immediate actions
| ‘
» Determine the need for removal actions

® Prioritize any future removal activities across the facility
w Determine the extent of contamination

» Delineate areas found not to contain amphibole asbestos contamination

1.1 Background

Historical information regarding the Stimson property in Libby, Montana, suggests
that vermiculite products were used at, or transported to, the property at various
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times and at various locations. Much of this material is still present. Additionally,
vermiculite insulation was installed in structures used for daily plant operations. It is
believed that these products contain varying levels of the amphibole asbestos with
compositions including tremolite, actinolite, richterite, and winchite (herein referred
to as Libby Amphibole [LA]).

1.1.1 Site Location

Stimson is situated in the eastern section of Libby, Montana, on U. S. Highway 2
South (Figure 1-1). The facility is currently owned by Stimson Lumber Company and
other private parties. The majority of the facility is currently used for manufacturing
plywood board. The facility covers approximately 200 acres and encompasses
processing, office, and other support buildings. In addition, a log yard and woodchip
and mulch yard occupy a significant portion of the property.

1.1.2 Site History

The employee parking lot area used by Stimson employees was once used as an
aboveground storage area for vermiculite insulation and is the location of the former
popping plant facility. Vermiculite insulation was stockpiled directly on the native
soil surface and may have contaminated the area with measurable amounts of
asbestos mineral fibers. The area was converted to a parking lot in 1990.

A landscaping nursery was previously located along the southern boundary of the
Stimson property. It is believed that unexfoliated, or raw vermiculite, was introduced
to the site for use as a growth media and fill material. Currently the area remains a
vacant lot with sparse vegetation. The lot is currently used to stockpile wood chips
(collected from 1991 through 1997).

An overview of the facility layout is presented in Figures 1-2 and 1-3.

1.1.2.1 Site Visits

An initial site visit was conducted on September 28, 2001, by Dr. Chris Weis (EPA
regional toxicologist), CDM, and Pacific Environmental Services (PES). Stimson
personnel present during this meeting included Mr. Fred Sturgess (Libby complex
manager), Ms. Veronica Bovee (health and safety coordinator), Mr. John Chopot
(environmental manager), and Mr. Barry Brown (local union No. 2581 president). The
site meeting included interviews with current employees and a walk-through of
several areas of the facility.

A coordination meeting was held on September 9, 2002 at the Stimson site. Attendees
included CDM and PES personnel. Stimson personnel present during this meeting
included Ms. Veronica Bovee (Stimson health and safety coordinator), Mr. Fred
Sturgess (Libby complex manager), and the operations managers for each building.
Sampling locations and tasks were discussed, and a list of locations and personnel to
be sampled was developed, as presented in the sampling and analysis plan (SAP). A

~ 1-2
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site visit was conducted to familiarize project personnel with the entire facility and
the processes in each building to be sampled.

A progress meeting was held on September 17, 2002, at the Stimson office. Attendees
included Mr. Greg Parana and Ms. Melissa Petrak of PES, and Ms. Veronica Bovee of
Stimson. Topics discussed included:

= Samples collected to date, and plans for remaining sample collection

» Samples reported overloaded by the laboratory and resampling of the affected
locations and tasks

® Buildings in which microvacuum dust samples would not be collected
» Bag house function and its affect on air samples collected in the plywood plant -

An informal closeout meeting was scheduled for September 19 2002, at the Stimson
office. Ms. Veronica Bovee of Stimson was unavailable at the appointed time, so Ms.
Melissa Petrak left a summary of samples collected for her records. Ms. Bovee was |
advised to contact the EPA Information Center with any questions or concerns.

1.1.2.2 Buildings Investigated as Part of Air and Dust Sampling

The central maintenance building currently contains vermiculite insulation. This
structure is equipped with a large gantry crane that traverses the length of the
building. As stated earlier, movement of this crane causes vibration within the
structure and may release small amounts of vermiculite insulation from around seams
and joints of the clapboard walls. There is a large main work area with vehicle bays,
along with several smaller shops, a parts warehouse, locker room, break room and,
supervisor’s office. Central maintenance personnel work throughout the building on a
variety of tasks, mostly involving vehicle and equipment maintenance and repair
(Flgure 1-3).

The plywood plant is currently used for processing plywood. Vermiculite insulation
is believed to be associated with the big dryer No. 1 in this building. The plywood
plant is one large open area, through which wood travels while being processed from
logs to plywood. There are offices, break rooms, -and rest rooms along the edges of the
building. The debarker and log heating facility is outside and adjacent to the main
plant structure (Figure 1-2). Plywood plant personnel generally work at their assigned
task, although there is some rotation for relief purposes. '

The finger joint (FJ) building is currently used for FJ operations. There is a main work
area, along with the feeder No. 2 room, and the “wrap and stack” room. There is also
a connection to Shed 12, which is a board storage area. FJ utility workers rotate tasks
throughout the plant during the work shift, while a few employees work only on

specific tasks. According to Veronica Bovee, the old lunchroom and bathroom area of
’ . - )

i
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‘the building previously contained vermiculite insulation, which was removed in May

of 2000. The room is currently used for parts storage (Figure 1-2).

1.1.3 Environmental Setting

Mean annual precipitation in Libby is 19.4 inches, with 30 percent of it occurring in
the months of November through January, and 18 percent falling in the months of
May and June. The month having the highest average precipitation is January, with
2.42 in. Average ambient temperature in Libby ranges from 22.4°F in January, to 67°F
in July. Average annual precipitation at the W.R. Grace vermiculite mine site is

~ estimated at 20 inches per year (U. S. Department of Agriculture [USDA] 1977), and

the temperature would be expected to average 3 to 5 degrees cooler than in Libby.
Climatological data was obtained from the Libby 1 N.E. Ranger station.

1.1.4 Contaminant of Concern

The potential contaminant of potential concern investigated at this facility is asbestos.
Asbestos fibers are odorless and tasteless and vary in length, structure, and chemical
composition. Fibers are microscopic and environmentalily persistent. They donot
evaporate, burn or dry out from heat, or erode in water. Toxicity of different type
fibers varies, but exposure to any one of them can be fatal. Tremolite, the form found
at Libby, is considered by many to be the most toxic.

The human health risks associated with asbestos fibers released in the environment
mclude

= Asbestosm ~a scamng of the lungs, Wthh impairs elasticity of the lung

L] Lung Cancer a malignant tumor of the bronchi covering'
= Mesothelioma - a cancer of the lining of the chest or of the abdominal wall

m Other diseases - increased incidence of some non-respiratory cancers has been seen
in those exposed to asbestos

Asbestos related diseases have a latency penod of 15 to 30 years, and the risks of
asbestos exposure are significantly increased by smoking.

- 1.1.5 Previous Investlgatlon

At the request of Stimson, MCS Environmental (MCS) performed industrial hygiene
sampling to determine the potential exposure of Stimson employees to residual
asbestos. Air samples taken within the central maintenance building and the plywood
plant revealed concentrations of LA less than the Asbestos Hazard Emergency
Response Act (AHERA) standard of <0.01 fibers/cubic centimeter (f/cc) for phase
contrast microscope (PCM) analys1s (40 Code of Federal Regulahons [CFR] Part 763,
763.90 (i)(5).)

1-7
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In addition, soil and bulk samples were taken from various locations around the
facility including the central maintenance building, the former nursery, and the
employee parking lot. While analysis of soils collected from the employee parking lots
were all non-detect for asbestos, soils collected from the nursery area had
concentrations of tremolite asbestos as high as 5 percent. .

On May 2, 2002, two microvacuum dust samples were collected from the nursery
shed. These samples, along with one field blank were analyzed by the International
Standards Organization (ISO) 10312 method. The analysis of sample 1-06850
identified 5853 LA structures with lengths between 0.5 micrometers (um) and 5 pm
and 1170 LA structures with lengths between 5 pm and 10 um. Sample 1-06850 was a
composite of three locations in the nursery shed. No LA structures were detected on
sample 1-06857, which was a composite of three locations on the floor of the nursery
shed, or in sample 1-06858, the field blank. Analytical datasheets are included in
Appendix A. :

el N
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Section 2
Soil Sampling

Soil sampling at Stimson was designed for the quantification of relative LA
abundance in soils throughout the site following all rationale, data quality objectives,
quality assurance procedures, and standard operating procedures (SOPs) from the
Final Sampling and Analysis Plan (SAP) for the Remedial Investigation (RI) Contaminant
Screening Study (CSS), Libby Asbestos Site, OU4 (CDM 2002b). For purposes of this
investigation a site-specific SAP addendum was developed to the CSS SAP: Final SAP
Addendum for the Stimson Lumber Company Area, Libby Asbestos Site, OU4 (CDM 2002c).
All soil investigation work was conducted in accordance with this SAP addendum.

To adequately characterize LA abundance in soils throughout Stimson, the site was
divided into eight subareas (Figure 2-1): former popping plant, railroad spur, lumber
yard, log storage yard, southwest area, former Champion International tree nursery,
sprinkler field, and Champion International Superfund site. The Champion -
International Superfund site was appointed Superfund status due to groundwater
contamination resulting from wood preservative processing and is not associated
with LA contamination. Remediation efforts for the groundwater contamination are
currently ongoing. These divisions were made based on assumed contaminant
concentrations, land use, and environmental setting. During this investigation, no
sampling was conducted within the sprinkler field or the Champion International
Superfund site subareas as a result of ongoing remediation, and therefore, these
subareas will not be discussed.

Surface and subsurface samples were collected from each subarea as follows:

, , Surface Soii | Subsurface |

Subarea Samples | Soil Samplés |
Former Popping Plant 16 7
Railroad Spur 14 0
Lumber Yard 25 6
| Log Storage Yard 29 4
Southwest Area 14 3
Former Champion 11 8

International Tree Nursery

Sprinkler Field 0 0
Champion Int’l Superfund Site 0 0
Total 109 - 28

Once results are available, this document will be updated.
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Section 3
Air Sampling

3.1 Personal Air Sampling

A total of 124 personal breathing zone (BZ) samples from 10 Stimson employees were
collected. Ninety-seven air samples were collected for the duration of the work activity.
The results of these samples were then calculated as time-weighted averages (TWAs) for
the full shift (8, 10, or 12 hours) and compared to the Occupational Safety and Health
Administration (OSHA) permissible exposure limit (PEL) and/or the OSHA extended
work shift PEL for asbestos. Twenty-seven samples were collected for 30 minutes
(approximately) and compared to OSHA's 30-minute excursion limit (EL) for asbestos.

3.1.1 Sample Locations

Personal air sampling locations and tasks were selected during the pre-sampling
facility visit on September 9, 2002. All locations and tasks were approved by EPA as
presented in the SAP. These tasks represent normal and general duties typically
performed by Stimson employees. Sampling locations and associated tasks at each
location are summarized below:

s Plywood plant (Figure 1-2)

- Dryer tender 1 - performed oversite on the dryers, troubleshooting, temperature,
and steam tracking

Dryer feeder 2 - fed boards into dryer, general housekeeping

Dryer offbearer 3 — sorted and tended boards coming out of dryer

Plugger 4 — operated plugger machine

Green chain puller 5 - sorted wood from lathe along green chain
m Central maintenance building (Figure 1-3)

- Mechanics (two employees) — performed repairs and maintenance on facility
vehicles and machinery

» Finger joint building (Figure 1-2)

- FJ utility — worked at all stations throughout FJ plant, including general
housekeeping and forklift operation

® Log yard (Figure 1-3)

- Wagner operator — operated Wagner Lumberjack, unloading and movmg logs
throughout log yard and to plywood plant area - :

3-1 -
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Table 3-1 presents the number and type of samples collected at each task and location
during the sampling activities. ‘ A

Table 3-1
Task-Based Sample Numbers

No. of Samples Collected

Duration of 30-Minute

Location Task Full Shift Excursion
Plywood Plant Dryer tender 11 3
Dryer feeder 12 3
Dryer offbearer 11 3
Plugger 9 3
Green chain puller 13 3
Central Maintenance | Mechanic 1 6 3
Mechanic 2 7 3
Finger joint Finger joint utility 16 3
Log Yard Wagner operator 12 3

3.1.2 Sample Collection |

Personal air samples were collected on Stimson employees for 3 consecutive days,
between September 10 and September 16, 2002. All samples were collected in

“accordance with the EPA Standard Operating Procedure (SOP) 2015 Asbestos Sampling
(Appendix B). Sample volume requirements were in accordance with OSHA
Construction Standard for Asbestos, 29 CFR 1926.1101. All air sampling pumps were
calibrated from 1.5 to 2.03 liters per minute (Ipm) prior to the sampling period and
again at the end of the sampling period. Air samples were collected using 0.8 um

. open-faced 25 millimeter (mm) mixed cellulose ester (MCE) filters, as described in the
SAP. All cassettes were visually inspected approximately every 2 hours during
sampling to ensure cassettes were not overloaded.

_'» Due to a higher level of airborne particulates than anticipated, cassettes were changed
more frequently than every 2 hours in an effort to prevent sample overload.

For all samples collected during this investigation (personal, ambient, and
microvacuum dust), field blanks were submitted at the rate of 10 percent and/or a
" minimum of two field blanks per sample batch per day. Field blanks were prepared at
/ ‘ the time of sampling at the sampling location by removing the cassette cap for 30
e seconds and then replacing the cap. A total of 26 field blanks were collected. All field
b blank cassettes originated from the field sampling cassette lot. One half of the field
blanks submitted each day were analyzed, the remaining half were archived for later
analysis if necessary. All field blanks analyzed during this investigation returned
results of “ND,” or no detected fibers at or above the detection limit. Field blank results
are included in the Libby database printout presented in Appendix A.

Prior to receipt of new sampling cassettes in the field, a new unused cassette was sent to
the laboratory. Results from these lot blanks determined the background asbestos
' _ structure concentration for the lot of cassettes. Specific cassette lot blanks analyzed
' during this project included 25mm three-piece cassettes with 0.8 um MCE Filters for Lot

oR . : 3-2
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Numbers 21078 and 4583. All lot blanks analyzed during this investigation returned
results of ND, or no detected fibers at or above the detection limit. Lot blank results are
included in the Libby database printout presented in Appendix A.

Each employee selected to wear a pump was given a brief description of the purpose
of personal sampling, as well as an explanation of the sampling procedure. This
explanation included instruction to contact the sampling technician immediately if
there were any problems with the sampling pump (e.g., pump falling off or stopping,
or cassette loss or damage). This information was provided to each employee in
writing and reviewed in person. Each of the selected employees provided their name,
last 4 digits of their social security number (for sample tracking purposes), and job
title on a form, which they signed and dated on the first day of sampling. A copy of
this form is attached in Appendix C.

Employees wore pumps clipped to either the waistline of their pants, their own belt,
or a belt that was provided. Tubing ran up their backs to the cassette, which was
clipped to the collar or neckline of the employee’s shirt, within the BZ, as described in
the SAP. Clips or tape were sometimes used to secure tubing to the back of the
employee’s shirt, to prevent it from snagging or being caught on equipment.
Employees were advised that the cassette must stay within their BZ for the duration
of sample collection. Employees were questioned at the intervals when cassettes were
visually inspected and at the end of each shift to determine if there were any
problems with the sampling pump or cassette.

3.1.3 Sample Analysis

Air samples were analyzed by EMSL Analytical, Inc. (EMSL) in Libby, Montana, and
Westmont, New Jersey; Reservoirs Environmental Services in Denver, Colorado,
and/or Hygeia in Sierra Madre, California. All samples were analyzed in accordance

with the ISO 10312, Air Quality - Determination of Asbestos Fibers — Direct Transfer
Transmission Electron Microscopy Method, 1995; National Institute for Occupational

Safety and Health (NIOSH) Method 7400, Asbestos and other Fibers by Phase Contrast
Microscopy (PCM); and/or Appendix A of the EPA Asbestos - Containing Materials in
Schools: Final Rule and Notice. If an air sample was determined to be overloaded, it was

not analyzed by indirect preparation.

Samples were maintained under chain of custody procedures. After sample collection
was completed, EPA custody labels were completed and affixed to each sampling
cassette. Sample information was entered on chain of custody forms, and changes in
sample custody noted on the form. Samples were relinquished to the sample
coordinator and submitted for laboratory analysis. Any samples not immediately
relinquished to the sample coordinator were secured in the sample storage cabinet.
Samples were either hand-delivered to the EMSL onsité laboratory in Libby, Montana,
or shipped via Federal Express to an offsite laboratory.

3-3
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3.1.4 Summary of Results

The personal air samples were collected based on task Each task was sampled for 3
consecutive days, for the duration of the work shift. One excursion limit sample was
collected from each employee sampled on each of his or her 3 sampling days. A
summary of TWA sample results, including calculated extended work shift values, is
presented in Table 3-2. Extended work shift permissible exposure limits were
determined using a standard OSHA formula (American Industrial Hygiene Journal
2000). A summary of excursion limit sample results is presented in Table 3-3. A
complete Libby database printout of personal air sample results is attached in
Appendix A. :

Personal air samples were collected on two employees in the Central Maintenance
building: Mechanic 1 and Mechanic 2. Both central maintenance employees worked
an 8-hour shift each sampling day. Asbestos structures were detected by TEM
AHERA analysis on one of the six samples (SL-00018) collected on Mechanic 1.
Asbestos structures were detected by TEM AHERA analysis on two of the seven
samples (SL-00012 and SL-00054) collected on Mechanic 2. TWA calculation based on
the PCM analy51s results showed no exposures above the OSHA PEL.

Personal air samples were collected on one employee in the FJ building: F] Utility. FJ
Utility worked a 10-hour shift each sampling day. Asbestos structures were detected
by TEM AHERA analysis on one of the 16 samples collected on FJ Utility, SL-00051.
One sample, SL-00198, was overloaded for PCM analysis, and therefore TWA
calculation was not possible for that date. TWA calculation based on the PCM
analysis results for the remaining dates showed no exposures above the PEL.

Personal air samples were collected on one employee in the Log yard: Wagner
Operator. The Wagner operator worked an 8-hour shift each sampling day. Asbestos
structures were detected by TEM AHERA analysis on one of the twelve samples
collected on the Wagner Operator, SL-00055. Two samples, SL- 00166 and SL-00189,
were overloaded for PCM analysis, and therefore TWA calculation was not possible
for that date. TWA calculation based on the PCM analysis results for the remaining
dates showed no exposures above the PEL. Extended work shift (EWS) TWA
calculation based on the PCM analysis results for the remalmng dates showed no
exposures above the calculated EWA PEL.

I( i .
Five’ emplQ)'fees were sampled in the Plywood Plant: Dryer Feeder, Dryer Tender,
Dryer Offbearer, Green Chain Puller, and Plugger. The Dryer Feeder, Dryer Tender,
and Dryer Offbearer worked 12-hour shifts the first 2 sampling days, and a 6-hour
shift the 3rd day. The Green Chain Puller worked 10-hour shifts each of the 3
sampling days, and the Plugger worked 8-hour shifts each of the 3 days.

Asbestos structures were not detected by TEM AHERA analysis on any of the 11
samples collected on the Dryer Feeder. TWA calculation based on the PCM analysis

.
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STIM.AS3

Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

results showed no exposures above the PEL. EWS TWA calculation based on the PCM
analysis results showed no exposures above the calculated EWS PEL.

Of the 11 samples collected on the Dryer Tender, asbestos structures were detected by
TEM AHERA analysis on one sample, SL-00159. The TWA calculation based on the
PCM analysis results for the remaining dates showed one exposure above the PEL.
The calculated extended work shift TWA for September 14, 2002, was <0.087 f/cc,
which is above the calculated extended work shift PEL of 0.07 f/cc. However, this
overexposure is not conclusive, because the high limit of detection does not allow for
a valid comparison between the values.

Asbestos structures were not detected by TEM AHERA analysis on any of the 11
samples collected on the Dryer Offbearer. TWA calculation based on the PCM
analysis results showed no exposures above the PEL. EWS TWA calculation based on
the PCM analysis results showed no exposures above the calculated EWS PEL.

Asbestos structures were not detected by TEM AHERA analysis on any of the 13
samples collected on the Green Chain Puller. TWA calculation based on the PCM
analysis results for the remaining dates showed one exposure potentially above the
PEL. The EWS TWA calculated for September 16, 2002, was <0.054 fibers per cubic
centimeter (f/cc), which is less than the calculated EWS PEL of 0.08 f/cc.

Asbestos fibers were detected by TEM AHERA analysis on one of the nine samples
collected on the Plugger, SL-00078. TWA calculation based on the PCM analysis
results for the remaining dates showed no exposures above the PEL. ISO 10312 results

' for all personal samples are presented in Appendix A.

- All excursion limit samples collected on Stimson employees showed PCM results
significantly lower than the OSHA-defined excursion limit of 1.0 f/cc. Asbestos
structures were detected on two excursion limit samples by TEM AHERA analysis:

" Samples SL-00026 and SL-00052. SL-00026 was collected on Mechanic 2 in central
" maintenance on September 11, 2002. SL-00052 was collected on the Wagner operator

on September 12, 2002. Asbestos structures were not detected on the remaining
excursion limit samples by TEM AHERA analysis. A summary of excursion limit
sample results is presented in Table 3-3.

3.2 Amblent Air Sampling

‘A total of 43 ambient air samples were collected. These samples were collected inside

buildings and outdoors to determine general background asbestos concentration

levels at the Stimson facility. All locations were approved by EPA prior to sampl'ing:

3.2.1 Sample Locations

As presented in the SAP, ambient air sampling was conducted in three facility
buildings on the Stimson property. These buildings included the plywood plant,
central maintenance building, and the FJ building (Figures 1-1 and 1-2). Ambient air

AE 3-9
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Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

sampling was also conducted at two outdoor locations on the Stimson property and
included the employee parking lot (near the former popping plant) (Figure 1-2) and
the log yard (Figure 1-3). Samples were collected during normal daily operations
while facility equipment was operational. Sampling locations are summarized in
Table 3-4.

Table 3-4
Amblent Air Sampling Locations
L No. of
Location : ) Sample Locatton, s | Samples

Central Maintenance (BD- 002098) Center of machine shop

Center of south end of building

East side center of building

North end center of building

Replicate — north end center of building

Plywood Piant (BD-002099) Outside de-barker cab

Green chain exterior wall opposite supervisor's office

Plugger alley next to plugger No. 9

Dryers next to post at feed end

Spreaders at post near pre-press

Inside de-barker cab

Finger Joint building (BD-002097) Qutside lunch room in main plant area

Near entrance to feeder No. 2 room

Near former lunch room

Employee Parking Lot Southeast corner

Northwest corner

Center of south side of lot

In railroad tracks, north of roadway

Log Yard Outside log truck scale shed

Outside storage shed

At trailer crane by fire pond

Near head gate

NI = ]| =s]a]=No O] wissR] =W =]

3.2.2 Sample Collection

All ambient air samples collected between September 11 and September 18, 2002,
were collected according to the EPA Standard, Operating Procedure (SOP) 2015 Asbestos
Sampling (Appendix B). All ambient air sampling pumps were calibrated prior to the
sampling period and again at the end of the sampling period. Air samples were
collected using 0.8 um open-faced 25mm MCE filters. All air sampling cassettes were
inspected during sampling to determine if file overloading was occurring.

. - -
All field blanks analyzed during this investigation returned results of ND, or no fibers
detected at or above the detection limit. Field blank results are mcluded in the Libby
database printout presented in Appendix A.

Specific cassette lot blanks analyzed during this project included MCE filters for lot
numbers 21078 and 4583. All lot blanks analyzed during this investigation returned
results of ND, or no fibers detected at or above the detection limit for the analytical
method. Lot blank results are included in the Libby database printout presented in

- Appendix A. As a means of assessing sample variability during ambient air sampling,

three replicate samples from the central maintenance building were collected.

Al B N OE TE EE S B I N BN aE BN BN DD B B B e |
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Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

3.2.3 Sample Analysis

Air samples were analyzed by EMSL Analytlcal Inc. in Libby, Montana, and
Westmont, New Jersey; Reservoirs Environmental Services in Denver, Colorado,
and/or Hygeia in Sierra Madre, California. All samples were analyzed by ISO 10312,
Air Quality - Determination of Asbestos Fibers ~ Direct Transfer Transmission Electron
Microscopy Method, 1995; NIOSH Method 7400, Asbestos and other Fibers by Phase
Contrast Microscopy (PCM); and/or Appendix A of EPA Asbestos - Containing Materials
in Schools: Final Rule and Notice.

Samples were maintained under chain of custody procedures. After sample collection
was completed, EPA custody labels were completed and affixed to each sampling
cassette. Sample information was entered on chain of custody forms, and changes in
sample custody noted on the form. Samples were relinquished to the sample
coordinator and submitted for laboratory analysis. Any samples not immediately
relinquished to the sample coordinator were maintained under chain of custody.
Samples were either hand-delivered to the EMSL onsite laboratory in Libby, Montana,
or shipped via Federal Express to an offsite laboratory.

3.2.4 Summary of Results

A total of 42 stationary air samples were collected and analyzed in Stimson buildings.
A summary of stationary sample locations and results, including PCM and TEM
AHERA analysis results, is presented in Table 3-5. A complete list of results, including
those for ISO 10312 analysis, is presented in Appendix A.

Of the nine samples collected in the Central Maintenance building, fibers were not -
detected at levels at or above 0.01 f/cc by PCM analysis. Asbestos structures were
detected on one of the nine samples (SL-00223) by TEM AHERA analysis, collected at
the center of the north end of the building.

Of the 15 samples collected throughout the Plywood Plant, fibers were detected at
values at greater than 0.01 f/cc by PCM analysis in'7 samples. Three of the samples,
SL-00079, SL-00092, and SL-00107, were located along the green chain exterior wall,
opposite the supervisor’s office. Two samples, SL-00243 and SL-00245, were located at
the spreaders, at a post near the pre-press. The remaining three samples at or above
0.01 £f/cc were'SL - 00092, SL — 00106, and SL-00215. SL-00092 was located at plugger
alley, next to plugger No. 9; SL-00106 was located at the dryers, at a post near the
feed end; and SL-00215 was located in the debarker cab. Asbestos structures were not
detected in any of the 15 samples by TEM AHERA analysis.

On five of the six samples collected in the F] building, fibers were not detected at
levels at or above 0.01 f/cc by PCM analysis. The sixth sample, SL-00196, collected
near the entrance to feeder No. 2 room, was overloaded by PCM analysis. Asbestos
structures were detected in two of the six samples by TEM AHERA analysis, SL-00162
and SL-00163. SL-00162 was collected outside the lunch room in the main plant area,

“and SL-00163 was coﬂef:ted near the entrance to feeder No. 2 room.
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STIMAS3

Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

Of the four samples collected in the employee parking lot, fibers were not detected at
levels at or above 0.01 f/cc by PCM analysis. Asbestos structures were not detected in
any of the four samples by TEM AHERA analysis. ‘

Of the seven samples collected in the log yard, fibers were not detected at levels at or
above 0.01 f/cc by PCM analysis. Asbestos structures were not detected on any of the
seven samples by TEM AHERA analysis.



STIM.AS4

Section 4
Microvacuum Dust Sampling

A total of 36 microvacuum dust samples were collected from buildings at Stimson.
Stimson employees identified buildings as containing vermiculite or not containing
vermiculite. One microvacuum dust sample was collected from each building not
known to contain vermiculite. Up to five microvacuum dust samples were collected
from each building known to contain vermiculite. All samples were composite
samples consisting of two to three 100 centimeters squared (cm?) sub-samples per
cassette. All locations were approved by EPA prior to sampling.

4.1 Sample Locations

Microvacuum dust samples were collected from several buildings at Stimson. An
overview of the entire property is shown on Figures 1-2 and 1-3.

Buildings that contain identified vermiculite in which five microvacuum dust samples
were collected were:

m Central Maintenance Facility (BD-002098)

- Machine shop

- South end of central maintenance building

- Center of central maintenance building

- Northern end of central maintenance building
- Supervisor’s office and break room

= Plywood Plant (BD-002099) S

- Break room and office at finish end

- Plugger area
- Spreaders and finish end
- Green chain
- Dryer area -
Buildings that do not contain vermiculite in which two microyacuum dust samples
were collected: R

b
» Finger joint building (BD-002097) -
- Former lunchroom (now parts storage) A
- Doorways & entrances '

s Truck barn (BD-002110)

- North side | L
- South end of building .- ‘ o
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® Stimson office (BD-002269)

- First floor
- Second floor

m Buildings that do not contain vermiculite in which one microvacuum dust sample
was collected:

- Log yard break building (BD-002100)

- Log yard storage building (BD-002101)
- Log yard oil storage shed (BD-002102)
- Log yard pump house (BD-002103)

- Log yard truck scale shed (BD-002104)
- Irrigation building (BD-002105)

- Diesel fire pump house (BD-002106)

- Double wide trailer (BD-002107)

- Electric pump house (BD-002108)

- Guard station at Libby Creek Bridge (BD-002109)
- Steel storage (BD-002111)

- Fire hall (BD-002112)

- Wagner shed (BD-002260)

- Electric motor shed (BD-002261)

- Astrodome (BD-002262)

- Pipe shed (BD-002263)

- Storage & locomotive shed (BD-002264)
- Power house office (BD-002265)

- Power house (BD-002266)

- Lumber kilns (BD-002267)

- Shed 12 (BD-002268)

4.2 Sample Collection

All microvacuum dust samples collected between September 12 and September 18,
2002, were collected in accordance with the American Society for Testing Materials
(ASTM) Standard D-5755-95, Standard Test Method for Microvacuum Sampling and
Indirect Analysis Dust by Transmission Electron Microscopy for Asbestos Structure
Number Concentrations (Appendix D). Up to three separate 100 cm? areas per
cassette for a total of up to 300 cm? per cassette. Samples were collected in each 100
cm? area for 2 minutes or until all visible dust had been removed. Sampling was
performed using 0.45 pum MCE filters. All sampling pumps were calibrated from 2.03
to 2.05 lpm prior to the sampling period and again at the end of the sampling period.

All field blanks analyzed during this investigation returned results of ND, or no
structures detected at or above the detection limit for the analytical method. Field
blank results are included in the Libby database printout presented in Appendix A. .

4-2
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Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

Specific cassette lot blanks analyzed during this project included filters from Lot
Number 410FKA.

All lot blanks analyzed during this investigation returned results of ND, or no fibers
detected at or above the detection limit for the analytical method. Lot blank results are
included in the Libby database printout presented in Appendix A.

4.3 Sample Analysis

Air samples were analyzed by EMSL Analyncal Inc. in Libby, Montana, and
Westmont, New Jersey; Reservoirs Environmental Services in Denver, Colorado,
and/or Hygeia in Sierra Madre, California. All samples were analyzed in accordance
with the ISO 10312, Air Quality - Determination of Asbestos Fibers — Direct Transfer
Transmission Electron Microscopy Method, 1995.

Samples were maintained under chain of custody procedures. After sample collection
was completed, EPA custody labels were completed and affixed to each sampling
cassette. Sample information was entered on chain of custody forms, and changes in
sample custody noted on the form. Samples were relinquished to the CDM sample
coordinator to be submitted for laboratory analysis. Any samples not immediately
relinquished to the sample coordinator were secured in the sample storage cabinet.
Samples were either hand-delivered to the EMSL onsite laboratory in Libby, Montana,
or shipped via Federal Express to an offsite laboratory.

4.4 Summary of Results S
LA structures were detected in two of the samples collected in the central '
maintenance building (BD-002098). Analysis identified 8823.1 LA structures with
lengths between 0.5 um and 5 pm in sample SL-00061, which was a composite. of one

locations in each of the Cummins engine room, Cat engine room, and large jack stand
in the main work area. Analytical results indicate 882.31 LA structures with lengths

between 0.5 pum and 5 pum were detected on SL-00064, which was a composite of three

locations in the supervisor’s office and break room (Table 4-1). Additionally, sample
results for SL-00059 identified 4411.6 LA structures with lengths between 0.5 pm and

5 pm. Composites for this sample were collected in the machine shop. - ' ‘
ol

LA structures were detected in one of the samples collected in the truck barn (BD-J -
002110). Results identified 1971.3 LA structures with length between 0.5 um and 5 ‘im
and 985.7 LA structures with length between 5 pm and 10 um were detected on SL-,
00225, which was a composite of three locations on the south side of the truck barn. No
LA structures were detected in the samples collected on the north side of the truck bamn
(BD-002110, SL-00224) (Table 4-1). L ‘

LA structures were detected on both of the samples collected in the Stimson office
building (BD-002269). Results for sample SL-00241 identified 262.84 LA structures -
with lengths between 0.5 um and 5 um, which was a composite of three locations Idn'

the first floor of the Stimson office building. Analysis also identified 13142 LAy -

i
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STIM.AS4

Draft Asbestos Air Sampling Report
Stimson Lumber Company, Libby, Montana

structures with lengths between 0.5 um and 5 pm in sample SL-00242, which was a
composite of three locations on the second floor of the Stimson office building (BD-
002269).

Analytical results presented 4411.6 LA structures with lengths between 0.5 yum and 5
pum on four samples: .

SL-00171, a composite of three locations in the log yard oil storage building (BD-002102)
SL-00174, a composite of three locations on the irrigation building floor (BD-002105)
SL-00175, a composite of three locations in the diesel fire pump house (BD-002106)
SL-00177, a composite of three locations on the electric pump house floor (BD-002108)

Analysis of sample SL-00228 identified 394.26 LA structures with lengths between 0.5
pm and 5 pm, which was a composite of two locations in the Wagner shed (BD-
002260).

Analysis identified 328.55 LA structures with lengths between 0.5 pmand 5 pm in
sample SL-00229, which was a composite of three locations in the electric motor shed
(BD-002261).

Analytical results of sample SL-00232 identified 375.5 LA structures with lengths between
0.5 um and 5 pm and 375.5 LA structures with length between 5 um and 10 pm, which
was a composite of three locations in the storage and locomotive shed (BD-002264).

LA structures were not detected on samples collected in the following buildings:

Plywood plant (BD-002099) .

Finger joint building (BD-002097)

Log yard break building (BD-002100)
Log yard storage building (BD-002101)
Log yard pump house (BD-002103)
Log yard truck scale shed (BD-002104)
Double wide trailer (BD-002107)
Guard station at Libby Creek bridge (BD-002109)
Steel storage (BD-002111)

Fire hall (BD-002112)

Astrodome (BD-002262)

Pipe shed (BD-002263)

Power house office (BD-002265)

Power house (BD-002266)

Lumber kilns (BD-002267)

Shed 12 (BD-002268)

4-7
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Section 5
Quality Assurance

The field quality assurance program was designed in accordance with CDM’s RAC VIII
Quality Management Plan, Revision 1 (CDM 2002d).

5.1 Adherence to the Sampling and Analysis Plan

All sampling was completed in accordance with the Property Specific Sampling and Analysis
Plan (SAP), Air and Dust Sampling for Stimson Lumber Company, Libby Asbestos Project, Lzbby,
Montana (CDM 2002a). Deviations from the SAP are addressed in Section 5.2.

5.2 Deviations
All of the personal samples were collected in accordance with the SAP. Deviations were

- made while collecting ambient air samples and dust samples, as discussed in Section 5.2.1.

5.2.1 Deviations During Ambient Air Sample Collection
According to the SAP, approximately four ambient samples were to be collected at each

' specific sampling location. This number was changed to collect samples more -

representative of normal working conditions in each location. Additional samples were
collected in the larger buildings. Five ambient samples were collected in the central
maintenance building and the plywood plant, and three samples in the FJ building.

Normal work activities at Stimson generated significant amounts of airborne --
particulates. In an effort to collect more representative ambient air samples and prevent
filter overload, less than the standard volume of air (4,000 liters) for 33 ambient air
samples was collected. Also, less than 4,000 liters was collected during sample
recollection. Samples were recollected when the laboratory indicated that previous

_ samples collected in that location were overloaded.

On September 11, 2002, ambient samples were collected in the central maintenance
building. Greater than 4,000 liters of air was collected for these samples, but there was
concern about sample overload since the filters appeared to be more than 30 percent
loaded by visual inspection. On September 16, 2002, samples were recollected in the
same location. Less than 4,000 liters of air was collected for the resampling to prevent
sample overload.

On September 13, 2002, ambient samples were collected in the plywood plant. On that
date, there were high levels of visible airborne dust throughout the plant. Sample
cassettes were changed out at less than 4,000 liters to prevent filter overloading. Plant
employees and Ms. Bovee later explained that the bag house was not functioning
properly on that date. The bag house collects airborne particulates from the plant. On
September 13, 2002, the “bags” were overfull, which resulted in higher than normal
levels of airborne dust in the plant. According to Ms. Bovee, the bags were changed out
on September 15, 2002. Samples were recollected near the spreaders on September 18,
2002. Less than 4,000 liters of air was collected to avoid filter overloading.

5-1
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The debarker is located outside the plant building but generates a significant amount of
sawdust during normal operation. On September 13, 2002, samples were collected
outside the debarker’s operator cab in the very dusty environment of the debarker. These
cassettes were changed out at less than 4,000 liters. A sample was recollected inside the
debarker cab on September 17, 2002. Less than 4,000 liters of air was collected to avoid
filter overloading. Ambient air sampling cassettes collected in the FJ building and log
yard were changed out at less than 4,000 liters to avoid filter overloading.

According to the SAP, replicate ambient air samples were to be collected at a rate of one
per sampling location. In two locations (log yard and parking lot), insufficient electrical
supply made replicate sampling infeasible. In addition, replicate samples collected in
the plywood plant were among those that were overloaded and unreadable. As a result,
three readable replicate samples were analyzed during this project.

5.2.2 Deviations During Dust Sample Collection

According to the SAP, one dust sample was to be collected in buildings that do not
contain identified vermiculite. In three such buildings, two dust samples were collected.
Due to the large size of these buildings, two samples would better characterize the
interior of the building space. : '

5.3 Corrective Actions

In an effort to prevent ambient air sample overload and prevent indirect sample
preparation, samples were recollected using reduced total sample volumes and/or
collected with multiple representative samples.

5.4 Discussion of Quality Control Results

Laboratory analysis of the lot blanks indicated asbestos fiber counts were below the
detection limit of the analytical method. Laboratory analysis of the field blanks
indicated asbestos fiber counts were below the detection limit of the analytical method.
The QC results indicate that the sampling cassettes were not contaminated with
asbestos when received from the supplier and that cassettes were not contaminated
when they were handled in the field.

i
Laboratory analysis of the replicate ambient air samples indicated that the replicate
sample results were within +10 percent of the adjacent ambient air sample. The results
of the replicate samples indicate that sample variability was within an acceptable range.

'
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TARGET SHEET
EPA REGION VIII

SUPERFUND DOCUMENT MANAGEMENT SYSTEM

DOCUMENT NUMBER: 2009598

SITE NAME: LIBBY ASBESTOS

DOCUMENT DATE: 12/01/2002

DOCUMENT NOT SCANNED

Due to one of the following reasons:
PHOTOGRAPHS

3-DIMENSIONAL

OVERSIZED

AUDIO/VISUAL

PERMANENTLY BOUND DOCUMENTS
POOR LEGIBILITY

OTHER

O O 00oo0ao0cogaag

NOT AVAILABLE

TYPES OF DOCUMENTS NOT TO BE SCANNED
(Data Packages, Data Validation, Sampling Data, CBI, Chain of Custody)

S

DOCUMENT DESCRIPTION:

APPENDIX A Analytical Data Sheets

Contact the Superfund Records Center to view available document.
(303) 312-6473
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SOP#: 2015
DATE: 11/17/94

ASBESTOS SAMPLING
: REV.#0.0

1.0 SCOPE AND APPLICATION

Asbestos has been used in many commercial products
including building materials such as flooring tiles and
sheet goods, paints and coatings, insulation, and

roofing asphalts. These products and others may be -

found at hazardous waste sites hanging on overhead
pipes, contained in drums, abandoned in piles, or as -
part of a structure. Asbestos tailing piles from mining
operations can also be a source of ambient asbestos
fibers. Asbestos is a known carcinogen and requires
air sampling to assess airborne exposure to human
health, This Standard Operating Procedure (SOP)
provides procedures for asbestos air sampling by
drawing a known volume of air through a mixed
cellulose ester (MCE) filter. The filter is then sent to
a laboratory for analysis. The U.S. Environmental
Protection Agency/Environmental Response Team
(U.S. EPA/ERT) uses one of four analytical methods
for determining asbestos in air. These include: U.S.
EPA's Environmental Asbestos Assessment Manual,
Superfund Method for the Determination of Asbestos
in Ambient Air for Transmission Electron Microscopy
(TEM)"; U.S. EPA’s Modified Yamate Method for
TEM®; National Institute for Occupational Safety and
Health (NIOSH) Method 7402 (direct method only)
for TEM; and NIOSH Method 7400 for Phase
Contrast Microscopy (PCM)®. Each method has
specific sampling and analytical requirements (i.e.,
sample volume and flow rate) for determining
asbestos in air.

The U.S. EPA/ERT typically follows procedures
outlined in the TEM methods for determining
mineralogical types of asbestos in air and for
distinguishing asbestos from non-asbestos minerals.
The Phase Contrast Microscopy (PCM) method is
used by U.S. EPA/ERT as a screening tool since it is
less costly than TEM. PCM cannot distinguish
asbestos from non-asbestos fibers, therefore the TEM
method may be necessary to confirm analytical
results. For example, if an action level for the
presence of fibers has been set and PCM analysis
indicates that the action level has been exceeded, then

v

TEM analysis can be used to quantify and identify
asbestos structures through examination of their
morphelogy crystal structures (through electron
diffraction), and elemental composition (through

. energy dispersive X-ray analysis).. In this instance

samples should be collected for bath analyses in side
by side sampling trains (some laboratéries are able to
perform PCM and TEM analysis from the same filter).
The Superfund method is designed specifically to
provide results suitable for supporting risk
assessments.at Superfund sites, it is applicable to a
wide range of ambient air situations at hazardous
waste sites. U.S. EPA's Modified Yamate Method for
TEM is also used for ambient air sampling due to high
volume requirements. The PCM and TEM NIOSH
analytical methods require lower sample volumes and
are typically used indoors; however, ERT will

increase the volume requirement for outdoor-

application. .

Other Regulations pertaining to asbestos have been
promulgated by U.S. EPA and OSHA. U.S. EPA’s
National Emission Standards for Hazardous Air
Pollutants (NESHAP) regulates asbestos-containing
waste materials. NESHAP establishes management
practices and standards for the handling of asbestos
and emissions from waste disposal operations (40
CFR Part 61, Subparts A and M). U.S. EPA’s 40 CFR
763 (July 1, 1987)* and its addendum 40 CFR 763
(October 30, 1987)* provide comprehensive rules for
the asbestos abatement industry. State and local
regulations on these issues vary and may be more
stringent than federal requirements. The OSHA
regulations in 29 CFR 1910.1001 and 29 CFR
1926.58 specify work practices and safety equipment
such as respiratory protection and protective clothing
when handling asbestos. The QSHA standard for an

8-hour, time-weighted average (TWA) is 0.2

fibers/cubic centimeters of air. This standard pertains
to fibers with a length-to-width ratio of 3 to 1 witha
fiber length >5 pm®®. An action level of 0.1 fiber/cc
(one-half the OSHA standard) is the level U.S. EPA
has established in which employers must initiate such
activities as air monitoring, employee training, and



medical surveillance®™®,

These are standard (i.e., typically applicabie)
operating procedures which may be varied or changed
as required, dependent upon site conditions,
equipment limitations or limitations imposed by the
procedure. [n all instances, the ultimate procedures
employed should be documented and associated with

the final report.

Mention of trade names or commercial products does
not constitute U.S. EPA endorsement or

recommendation for use.
2.0 METHOD SUMMARY

Prior to sampling, the site should be characterized by
identifying on-site as well as off-site sources of-
airborne asbestos. The array of sampling locatioas
and the schedule for sample collection, is critical to
the success of an investigation. Generally, sampling
strategies to characterize a single point source are
fairly straightforward, while multiple point sources
and area sources increase the complexity of the
sampling strategy. It is not within the scope of this
SOP to provide a generic asbestos air sampling plan.
Experience, objectives, and site characteristics will
dictate the sampling strategy.

During a site investigation, sampling stations should
be arranged to distinguish spatial trends in airborne
asbestos concentrations. Sampling schedules should
be fashioned to establish temporal trends. The
sampling strategy typically requires that the
concentration of asbestos at the source (worst case) or
area of concern (downwind), crosswind, as well as
- background (upwind) contributions be quantified. See
Table 1 (Appendix A) for U.S. EPA/ERT
recommended sampling set up for ambient air. Indoor
asbestos sampling requires a different type of strategy
! which is identified in Table 2 (Appendix A). It is
_ important to establish background levels of
contaminants in order to develop a reference point
from which to evaluate the source data. Field blanks
"and lot blanks can be utilized to determine other

sources.

Much information can be derived from each analytical
method previously mentioned. Each analytical
method has specific sampling requirements and
produce resuits which may or may not be applicable
to a specific sampling effort. The site sampling

objectives should be carefully identified so as to select
the mast appropriate analytical method. Additionally,
some preparation (i.e., lot blanks results) prior to site
sampling may be required, these requirements are
specified in the analytical methads.

3.0 SAMPLE PRESERVATION,
CONTAINERS, HANDLING,
AND STORAGE

3.1 Sample Preservation
No preservation is required for asbestos samples.

3.2  Sample Handling, Container and
Storage Procedures -

L Place a sample label on the cassette
indicating a unique sampling number. Do
not put sampling cassettes in shirt or coat

. pockets as the filter can pick up fibers. The

“  original cassette box is used to hold the

samples.

2, Wrap the cassette individually in a plastic
sample bag. Each bag should be marked
indicating sample identification number, total
volume, and date,

3. The wrapped sampling cassettes should be
placed upright in a rigid container so that the
cassette cap is on top and cassette base is on

. bottom. Use enough packing material to

prevent jostling or damage. Do not use
vermiculite as packing material for samples.
If possible, hand carry to lab.

4, Provide appropriate documentation with
samples (i.e., chain of custody and requested
analytical methodology).

4.0 INTERFERENCES AND
POTENTIAL PROBLEMS

Flow rates exceeding 16 liters/minute (L/min) which
could result in filter destruction due to (a) failure of its
physical support under force from the increased
pressure drop; (b) leakage of air around the filter
mount so that the filter is bypassed, or (c) damage to
the asbestos structures due to increased impact
velocities.
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4.1 U.S.EPA's Superfund Method

4.1.1 Direct-transfer TEM  Specimen
Preparation Methods

Direct-Transfer TEM specimen preparation methods
have the following significant interferences:

The achievable detection limit is restricted
by the particulate density on the filter, which
in turn is coatrolled by the sampled air
volume and the total suspended particulate
concentration in the atmosphers being

sampled.

. The precision of the result is dependent on .-

the uniformity of the deposit of asbestos
structures on the sample collection filter.

. Air samples must be collected so that they
have particulate and fiber loadings within
narrow ranges. [f too high a particulate
loading occurs on the filter, it is not possible
to prepare satisfactory TEM specimens by a
direct-transfer method. If too high a fiber
loading occurs on the filter, even if
satisfactory TEM specimens can be prepared,
accurate fiber counting will not be possible.

4.1.2 Indirect TEM Specimen Preparation
Methods

Indirect TEM specimen preparation methods have the
following interferences:

. The size distribution of asbestos structures is
modified. .
. There is increased opportunity for fiber loss

ot introduction of extraneous contamination.

. When sample collection filters are ashed, any
- fiber contamination in the filter medium is
concentrated on the TEM specimen grid.

It can be argued that direct methods yield an under-
estimate of the asbestos structure concentration
because many of the asbestos fibers present are
concealed by other particulate material with which
they are associated. Conversely, indirect methods can
be considered to yield an over-estimate because some
types of complex asbestos structures disintegrate

during the preparation, resulting in an increase in the
numbers of structures counted.

4.2 U.S. EPA's Modified Yamate
Method for TEM

High concentrations of background dust interfere with
fiber identification.

4.3 NIOSH Method for TEM

Other amphibole particles that have aspect ratios
greater than 3:1 and elemental compositions similar to
the asbestos minerals may interfere in the TEM
analysis. Some non-amphibole minerals may give
electron diffraction patterns similar to amphiboles.
High concentrations of background dust interfere with
fiber identification.

44  NIOSH Method for PCM

PCM cannot distinguish asbestos from non-asbestos
fibers; therefore, all particles meeting the counting
criteria are counted as total asbestos fibers. Fiber less
than 0.25 um in length will not be detected by this
method. High levels of non-fibrous dust particles may
obscure fibers in the field of view and increase the

detection limit.
5.0 EQUIPMENT/MATERIALS

5.1 * Sampling Pump

The constant flow or critical orifice controlled
sampling pump should be capable of a flow-rate and
pumping time sufficient to achieve the desu’ed volume

of air sampled. .

The lower flow personal sampling pumps generally
provide a flow rate of 20 cubic centimeters/minute
(cc/min) to 4 L/min. These pumps are usually battery
powered. High flow pumps are utilized when flow
rates between 2 L/min to 20 L/min are required. High
flow pumps are used for short sampling periods so as -
to obtain the desired sample voiume. High flow
pumps usually run on AC power and can be plugged
into a nearby outlet. If an outlet is not available then
a generator should be obtained. The generator should
be positioned downwind from the sampling pump.
Additional voltage may be required if more than one
pump is plugged into the same generator. Several



electrical extension cords may be required tf sampling
locations are remote.

The recommended volume for the Superfund method
(Phase I) requires approximately 20 hours to coilect.
Such pumps typically draw 6 amps at full power so
that 2 lead/acid batteries should provide sufficient
power to collect a full sampie. The use of line
voltage, where available, eliminates the difficulties
associated with transporting stored electrical energy.

A stand should be used to hold the filter cassette at the
desired height for sampling and the filter cassette shall
be isolated from the vibrations of the pump.

5.2 Filter Cassette

The cassettes are purchased with the required filters in ~
position, or can be assembled in a laminar flow hood
or clean area. When the filters are in position, a
shrink cellulose band or adhesive tape should be
applied to cassette joints to prevent air leakage.

5.2.1 TEM Cassette Requirements

Commercially available field monitors, comprising
25 mm diameter three-piece .cassettes, with
conductive extension cowls shall be used for sample
collection. The cassette must be new and not
previously used. The cassette shall be loaded with an
MCE filter of pore size .45 pm, and supplied from a
lot number which has been qualified as low
background for asbestos determination. The cowls
should be constructed of electrically conducting
material to minimize electrostatic effects. The filter
shall be backed by a 5 pum pore size MCE filter
(Figure 1, Appendix B).

5.2.2 PCM Cassette Requirements

NIOSH Method 72100, PCM involves using 2 0.8 to
1.2 um mixed cetlulose ester membrane, 25 mm
diameter, 50 mm conductive cowl on cassette (Figure
2, Appendix B). Some [abs are able to perform PCM
and TEM analysis on the same filter; however, this
should be discussed with the laboratory prior to
sampling.

5.3  Other Equipment

. Inert tubing with glass cyclone and hose barb
. Whirlbags (plastic bags) for cassettes
‘ ,

. Tools - smail screw drivers

. Container - to keep samples upright

. Generator or electrical outlet (may aot be
required)

. Extension cords (may not be required)

. Multiple plug outlet

. Sample labels

. Air data sheets

. Chain of Custody records

6.0 REAGENTS

Reagents are not required for the preservation of
asbestos samples.

7.0 P_ROCEDURES
7.1 Air Volumes and Flow Rates

Sampling volumes are determined on the basis of how
many fibers need to be collected for reliable
measurements. Therefore, one must estimate how
many airbome fibers may be in the sampling location.

Since the concentration of airborne aerosol
contaminants will have some effect on the sample, the
following is a suggested criteria to assist in selecting
a flow rate based on real-time aerosol monitor (RAM)
readings in milligrams/cubic meter (mg/m’).

Concentration  Flow Rate
o Low RAM readings: <6.0 mg/m® 11-15. L/min
» Medium RAM readings:>6.0 mg/m, 7.5 L/min
» High RAM readings: >10. mg/m’ 2.5 L/min

In practice, pumnps that are available for environmental
sampling at remote locations operate under a
maximum load of approximately 12 L/min.

7.1.1 U.S. EPA's Superfund Method

The Superfund Method incorporates an indirect
preparation procedure to provide flexibility in the
amount of deposit that be can be tolerated on the
sample filter and to allow for the selective
concentration of asbestos prior to analysis. To
minimize contributions to background contamination
from asbestos present in the plastic matrices of
membrane filters while allowing for sufficient
quantities of asbestos to be collected, this method aiso
requires the collection of a larger volume of air per
unit area of filter than has traditionally been collected



for asbestos analysis. Due to the need to collect large
volumes of air, higher sampling flow rates are
recommended in this method than have generally been
employed for asbestos sampling in the past.- As an
alternative, samples may be collected over longer time
intervals. However, this restricts the flexibility
required to allow samples to be collected while
uniform meteorological conditions prevail.

The sampling rate and the period of sampling should
be selected to yield as high a sampled volume as
possible, which will minimize the influence of filter
contamination. Wherever possible, 3 volume of 15
cubic meters (15,000 L) shall be sampled for those
samples intended for analysis only by the indirect .
TEM preparation method (Phase 1 samples). For
those samples to be prepared by both the indirect and -
the direct specimen preparation methods (Phase 2
samples), the volumes must be adjusted so as to
provide a suitably-loaded filter for the direct TEM
preparation method. One option is to collect filters at
several loadings to bracket the estimated optimum
loading for a particular site. Such filters can be
screened in the laboratory so that only those filters
closest to optimal loading are analyzed. It has been
found that the volume cannot normally exceed 5 cubic
meters (5000 L) in an urban or agricultural area, and
10 cubic meters (10,000 L) in a rural area for samples
collected on a 25 mm filter and prepared by a direct-
transfer technique.

An upper limit to the range of acceptable flow rates
for this method is [5 L/min. At many locations, wind
patterns exhibit strong diurnal variations. Therefore,
intermittent sampling (sampling over a fixed time
interva] repeated over several days) may be necessary
to accumulate 20 hours of sampling time over constant
wind conditions. Other sampling objectives also may
necessitate intermittent sampling. The objective is to
design a sampling schedule so that samples are
collected under uniform conditions throughout the
sampling interval. This method provides for such
options. Air volumes collected on Phase [ samples
are maximized (<16 L/min). Air volumes collected
on Phase 2 samples are limited to provide optimum
loading for filters to be prepared by a direct-transfer
procedure.

7.1.2 U.S. EPA's Modified Yamate
Method for TEM

U.S. EPA's TEM method requires a minimum volume

of 560 L and a maximum volume of 3,800 L in order
to obtain an analytical sensitivity of 0.005
structures/cc. The optimal volume for TEM is 1200
L to 1800 L. These volumes are determined using a

200 mesh EM grid opening with a 25-mm filter

cassette. Changes in volume would be necessary if a

- 37-mm filter cassette is used since the effective area
of 2 25 mm (385 sq mm) and 37 mm (3855 sq m)

differ. ]
7.1.3 NIOSH Method for TEM and PCM

The minimum recommended volume for TEM and
PCM is 400 L at 0.1 fiber/cc. Sampling. time is
adjusted to obtain optimum fiber loading on the filter.
A sampling rate of 1 to 4 L/min for eight hours (700
to 2800 L) is appropriate in non-dusty atmospheres
containing 0.[ fiber/cc. Dusty atmospheres i.e., areas
with high levels of asbestos, require smaller sample
volumes (<400 L) to obtain countable samples.

In such cases, take short, consecutive samples and
average the results over the total collection time. For
documenting episodic exposures, use high flow rates
(7 to 16 -L/min) over shorter sampling times. In
relatively clean atmospheres where. targeted fiber
concentrations are much less than 0.1 fiber/cc, use
larger sample volumes (3,000 to 10,000 L) to achieve
quantifiable loadings. Take care, however, not to
overload the fiiter with background dust. If> 50% of
the filter surface is covered with particles, the filter
may be too overloaded to count and will bias the
measuted fiber concentration. Do not exceed 0.5 mg
total dust loading on the filter.

7.2 Calibration Procedures

In order to determine if a sampling pump is measuring
the flow rate or volume of air correctly, it is necessary
to calibrate the instrument. Sampling pumps should
be calibrated immediately before and after each use.
Preliminary calibration shouid be conducted using a
primary calibrator such as a soap bubble type
calibrator, {(e.g.,, a Buck Calibrator, Gilibrator, or
equivalent primary calibrator) with a reprasentative
filter cassette installed between the pump and the
calibrator. The representative sampling cassette can
be reused for calibrating other pumps that will be used
fot asbestos sampling. The same cassette lot used for
sampling should also be used for the calibration. A
sticker should be affixed to the outside of the
extension cowl marked "Calibration Cassette.”



A rotameter can be used provided it has been recently
precalibrated with a primary calibrator. Three
separate conswant flow calibration readings should be
obtained both before sampling and after sampling.
Should the flow rate change by more than 5% during
the sampling period, the average of the pre- and post-
calibration rates will be used to calculate the total
sample volume. The sampling pump used shall
provide a non-fluctuating air-flow through the filter,
and shall maintain the initial volume flow-rate to
within £ 10% throughout the sampling period. The
mean value of these flow-rate measurements shall be
used to calculate the total air volume sampled. A
constant flow or critical orifice controlled pump meets
these requirements. If at any time the measurement

indicates that the flow-rate has decreased by more .

than 30%, the sampling shall be terminated. Flexible
tubing is used to connect the filter cassette to the-
sampling pump.Sampling pumps can be calibrated
prior to coming on-site so that time is saved when
performing on-site calibration.

7.2.1
Pump with an Electronic Calibrator

L. See Manufacturer’s manual for operational
instructions.

2. Set up the calibration train as shown in -

(Figure 3, Appendix B) using a .sampling
pump, electronic calibrator, and a

representative filter cassette. The same lot..

sampling cassette used for sampling should
also be used for calibrating.’

3. To set up the calibration train, attach one end
' of the PVC tubing (approx. 2 foot) to the
cassette base; attach the other end of the

tubing to the inlet plug on the pump.

Another piece of tubing is attached from the -

cassette cap to the electronic calibrator.

4

o

, A,
4, - Turn the electronic calibrator and sampling
pump on. Create a bubble at the bottom of

~the flow chamber by pressing the bubble

initiate button. The bubble should rise to the

top of the flow chamber. After the bubble

runs its course, the flow rate is shown on the

LED display.

5. Turn the flow adjust screw or knob on the
pump until the desired flow rate is attained.

Calibrating a Personal Sampling ---

72.2
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Perform the calibration three times until the
desired flow rate of £ 5% is attained.

Calibrating a Rotameter with an
Electronic Calibrator

See manufacturer’s manual for operational
instructions.

Set up the calibration train as shown in
(Figure 4, Appendix B) using 2 sampling
pump, rotameter, and electronic calibrator.

Assemble the base of the flow meter with the
screw provided and tighten in place. The
flow meter should be mounted within 6°
vertical.

Tum the electronic calibrator and sampling
pump on.

Create a bubble at the bottom of the flow
chamber by pressing the bubble initiate
button. The bubble should rise to the top of
the flow chamber. After the bubble runs its
course, the flow rate is shown on the LED

display.

Tum the flow adjust screw or kneb on the
pump until the desired flow rate is attained.

Record the electronic calibrator flow rate
reading and the corresponding rotameter
reading. Indicate these values on the
rotameter (sticker). The rotameter should be
able to work within the desired flow range.
Readings can also be calibrated for 10 cm®
increments for Low Flow rotameters, 500
cm’ increments for medium flow rotameters
and 1 liter increments for high flow
rotameters.

Perform the calibration three times until the
desired flow rate of = 5% is attained. Once
on site, a secondary calibrator, i.e., rotameter
may be used to calibrate sampling pumps.

Calibrating a Personal Sampling
Pump with a Rotameter

See manufacturer’s manual for Rotameter's
Operational Instructions.

- Ee ,
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2. Set up the calibration train as shown in
(Figure 5, Appendix B) using a rotameter,
sampling pump, and a representative
sampling cassette.

3. To set up the calibration train, attach one end

of the PVC tubing (approx. 2 ft) to the
cassette base; attach the other end of the
tubing to the inlet piug on the pump.
Another piece of tubing is attached from the
cassette cap to the rotameter.

4, Assemble the base of the flow meter with the
screw provided and tighten in place. The

flow meter should be mounted within 6° -

vertical.
5. Turn the sampling pump on. '
6. Tum the flow adjust screw (or knob) on the

personal sampling pump until the float ball
on the rotameter is lined up with the
precalibrated flow rate value. A sticker on
the rotameter should indicate this value.

7. A verification of calibration is generally
performed on-site in the clean zone
immediately prior to the sampling.

7.3. Meteorology

It is recommended that a meteorological station be
established. If possible, sample after two to three
days of dry weather and when the wind conditions are
at 10 mph or greater. Record wind speed, wind
direction, temperature, and pressure in a field logbaok.
Wind 'direction is particularly  important when

monitoring for asbestos downwind from a fixed -

source.

7.4  Ambient Sampling Procedures

7.4.1 Pre-site Sampling Preparation

1. Determine the extent of the sampling effore,
the sampling methods to be employed, and
the types and amounts of equipment and
supplies needed.

2. Obtain necessary sampling equipment and
ensure it is in working order and fuily

charged (if necessary).

7.4.2

Perform a general site survey prior to site
entry in accordance with the site specific
Health and Safety plan.

Once on-site the calibration is performed in
the clean zone. The calibration procedures
are listed in Section 7.2.

After Ealibrating the sampling pump,
mobilize to the sampling location.

Site Sampling

To set up the sampling train, attach the air
intake hose to the cassette base. Remove the
cassette cap (Figure 6 and 7, Appendix B).
The cassette should be positioned downward,
perpendicular to the wind ‘

If AC or DC electricity is required then turn

" it on. Ifused, the generator should be placed

10 ft. downwind from the sampling pump.

Record the following in a field logbook:
date, time, location, sample identification
number, pump number, flow rate, and
cumulative time.

Tum the pump on. Should intermittent
sampling be required, sampling filters must
be covered between active periods of
sampling. To cover the sample filter: turn
the cassette to face upward, place the

. cassette cap on the cassette, remove the inlet

plug from the cassette cap, attach a rotameter
to the inlet opening of the cassette cap to
measure the flow rate, turn off the sampling
pump, place the inlet plug into the inlet
opening on the cassette cap. To resume
sampling: remove the inlet plug, turn on the
sampling pump, attach a rotameter to
measure the flow rate, remove the cassette
cap, replace the inlet plug in the cassette cap
and invert the cassette, face downward and
perpendicular to the wind.

Check the pump at sampling midpoint if
sampling is longer than 4 hours. The
generators may need to be regased depending
on tank size. If a filter darkens in appearance
orif loose dust is seen in the filter, a second’
sample should be started.



6. At the end of the sampling period, orient the
cassette up, turn the pump off.

7. Check the flow rate as shown in Section
7.2.3. When sampling open-faced, the
sampling cap should be replaced before post
calibrating. Use the same cassette used for
sampling for post calibration (increase
dust/fiber loading may have altered the flow

rate.
8. Record the post flow rate.
9. Record the cumulative time or run.
10. Remove the Qtubing from the sampling ~

cassette. Still holding the cassette upright,
replace the inlet plug on the cassette cap and
the outlet plug on the cassette base.

7.4.3. Post Site Sampling

1. Follow handling procedures in Section 3.2,
steps 1-4.
2. Obtain an electronic or hard copy of

meteorological data which occurred during
the sampling event. Record weather: wind
speed, ambient temperature, wind direction,
and precipitation. Obtaining weather data
several days prior to the sampling event can
also be useful. :

7.5 Indoor Sampling Procedures

PCM analysis is used for indoor air samples. When
analy‘sis shows total fiber count above the OSHA
action level 0.1 f/cc then TEM (U.S. EPA's Modified
Yamate Method) is used to identify asbestos from
non-ashestos fibers.

Sampling pumps should be placed four to five feet
above ground level away from obstructions that may
influence air flow. The pump can be placed on a table
or counter. Refer to Table 2 (Appendix A) for a
summary of indoor sampling locations and rationale
for selection.

Indoor sampling utilizes high flow rates to increased
sample volumes (2000 L for PCM and 2800 to 4200 L
for TEM) in order to obtain lower detection limits
- below the standard, (i.e:, 0.01 ficc or lower [PCM]

" and 0.003 structures/cc or lower [TEM]).

7.5.1 Aggressive Sampling Procedures

Sampling equipment at fixed locations may fail to
detect the presence of asbestos fibers. Due to limited
alr movement, many fibers may settle out of the air
onto the floor and other surfaces and may not be
captured on the filter. In the past, an 8-hour sampling
period was recommended to cover various air
circulation conditions. A quicker and more affective
way to capture asbestos fibers is to circulate the air
artificially so that the fibers remain airborne during
sampling. The results from this sampling option
typifies worst case condition. This is referred o as
aggressive air sampling for asbestos. Refer to Table 2
for sample station locations.

1. Before starting the sampling pumps, direct
forced air (such as a l-horsepower leaf
blower or large fan) against walls, ceilings,
floors, ledges, and other surfaces in the room
to initially dislodge fibers from surfaces.
This should take at least 5 minutes per 1000
sq. ft. of floor.

2. Place a 20-inch fan in the center of the room.
(Use one fan per 10,000 cubic feet of room
space.) Place the fan on slow speed and
point it toward the ceiling.

3. Follow.procedures in Section 7.4.1 and 7.4.2
(Turn off the pump and then the fan(s) when
sampling is complete.).

4.. Follow handling procedures in Section 3.2,
steps 1-4.

8.0 CALCULATIONS

Thei sample volume is calculated from the average
flow rate of the pump muitiplied by’ the number of
minutes the pump was running (volume = flow rate X
time in minutes). The sampie volume should be
submitted to the laboratory and identified on the chain
of custody for each sample (zero for lot, field and trip
blanks).

The concentration result is calcuiated using the
sample volume and the numbers of asbestos structures

reported after the application of the cluster and matrix

counting criteria.



9.0 QUALITY ASSURANCE/
QUALITY CONTROL

Follow all QA/QC requirements from the laboratories
as well as the analytical methods.

9.1 TEM Requirements

1. Examine lot blanks to determine the
background asbestos structure concentration.

2. Examine field blanks to determine whether
there is contamination by extraneous

asbestos  structures during specimen

preparation.

3. Examine of laboratory blanks to determine if
' contamination is being introduced during
critical phases of the laboratory program.

4. To determine if the laboratory can’

- satisfactorily analyze samples of known

asbestos structure concentrations, reference

filters shall be examined. Reference filters

should be maintained as part of the
laboratory's Quality Assurance program.

5. . To minimize subjective effects, some
specimens should be recounted by a different
microscopist.

6. Asbestos laboratories shall be accredited by
' the National Voluntary Laboratory
.~ Accreditation Program.

7. ™ Atthis time, performance evaluation samples
for asbestos in air are not available for
, Removal Program Activities.

|
9.2 7 PCM Requirements

1. ' Examine reference slides of known
concentration to determine the analyst's
‘ability to satisfactorily count fibers.
" Reference slides should be maintained as
part of the laboratory's quality assurance
program.

2. Examine field blanks to determine if there is
contamination by extraneous structures

during sample handling.
| 7

3.‘4 Some samples should be relabeled then
submitted for counting by the same analyst to
determine possible bias by the analyst.

4, Participation in a proficiency testing program
such as the AIHA-NIOSH proficiency
. analytical testing (PAT) program.

10.0 DATA VALIDATION

Results of quality control samples will be evaluated
for contamination. This information will be utilized
to qualify the environmental sample results
accordingly with the project's data quality objectives.

11.0 HEALTH AND SAFETY
I

When working with potentially hazardous materials,
follow U.S. EPA, OSHA, and corporate health and
safety procedures. More specifically, when entering
an unknown situation involving asbestos, a powered
air purifying respirator (PAPR) (full face-piece) is
necessary in conjunction with HEPA filter cartridges.
See applicable regulations for action level, PEL, TLV,
etc. If" previous sampling indicates asbestos
concentrations are below personal heaith and safety
levels, then Level D personal protection is adequate.
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Airborne Asbestos by Electron Microscopy,
EPA's Report No. 68-02-3266, 1984, G.
Yamate, S.C. Agarwal, and R. D. Gibboas.

@ National Institute for Occupational Safety
and Health. NIOSH Manual of Analytical
Method. Third Edition. 1987.

“ U.S. Environmental Protection Agency.
Code of Federal Regulations 40 CFR 763.
July 1, 1987. Code of Federal Reguiations
40 CFR 763 Addendum. October 30, 1987.
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U.S. Environmental Protection Agency.

Asbestos-Containing Materials tn Schools;.
Final Rule and Notics. 52 FR 41826.

(®

i0

Occupational Safety and  Health
Administration. Code of Federal Regulations
29 CFR 1910.1001. Washington, D.C.

1987.



APPENDIX A

Tables

TABLE 1.

SAMPLE STATIONS FOR OUTDOOR SAMPLING

Sample Station
Location

Sample Numbers -

Rationale

{

Upwind/Background®

Collect a minimum of two simultaneous
upwind/background samples 30° apart
from the prevailing windlines. .-

Establishes background fiber levels.

n

Downwind

Deploy a minimum of 3 sampling stations
in a 180 degree arc downwind from the

source.

Indicates if asbestos is leaving the
site.

Site Representative
and/or Worst Case

‘Obtain one site representative sample
which shows average condition on-site or

" obtain worst case sample (optional).

Verify and continually confirm and
document selection of proper levels
of worker protection.

t

M More than one backgrouhd station may be required if the asbestos originates from different sources.

K




APPENDIX A (Cont’d)

Tables

TABLE2

SAMPLE STATIONS FOR INDOOR SAMPLING

Sample Station

Sample Numbers

Rationale

Location

Indoor Sampling

If a work site is a single room, disperse 3
samplers throughout the room.

If the work site contains up to 5 rooms$, place
at least one sampler in each room.

If the work site contains more than 5 rooms,
select a representative sample of the rooms.

Establishes representative samples
from a homogeneous area.

Upwind/Background

If outside sources are suspected,

deploy a minimum of two simultaneous
upwind/background samples 30° apart from
the prevailing windlines.

Establish whether indoor asbestos
concentrations are coming from an
outside source.

—

Worst Case

Obtain one worst case sample, i.e.,
aggressive sampling (optional).

Verify and continually confirm and
document selection of proper levels
of worker protection.
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Figures

FIGURE . Transmission Electron Microscopy Filter Cassette
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Figures

FIGURE 2. Phase Contrast Microscopy Filter Cassette
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Figures

FIGURE 3. Calibrating a Personal Sampling Pump with a2 Bubble Meter
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Figures

FIGURE 4. Calibrating a Rotameter with a Bubble Meter

\ J
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Figures

FIGURE 5. Calibrating a Sampling Pump with a Rotameter

FILTER CASSETIE
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Figures

FIGURE 6. Personal Sampling Train for Asbestos
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Figures

_FIGURE 7. High Flow Sampling Train for Asbestos
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Appendix C

Employee Orientation Form



Personal Air Sampling

There are a few important points to remember when wearing a personal
sampling pump: .

1) The cassette needs to be iocated in your breathing zone (near mouth &
nose) throughout your workday. It should be attached to your lapel, crin a
comparable location. Please do not move (or remove) the cassette without
the assistance of the technician. The technician will pause the pump pricr
to and during breaks and lunch.

2) Please advise the technician as soon as possible if there are ANY
irregularities with the pump or cassette. Examples include:

- Cassette falls off or is damaged

- Pump falls off, stops running, or is damaged

- Hose is cut or damaged '

~ This will enable the technician to adjust, restart, or replace your pump as

necessary to provide an accurate, valid representation of the air sampled.

3) Please advise the technician of any non-routine occurrences during the
workday. This would include any accidents, unusual outages, variations in
standard procedures, assignment to a different task, or any other changes
to your normal daily routine. You will not be penalized for any of these
changes — it ensures that we collect valid air samples.

Please sign to écknowledge review of these items.

Sighature

Printed Name

Last four digits of SSN (for sample tracking purposes)

Task

Date




Appendix D

American Society for Testing and Materials

D-5755-95



qsn') Designation: 0 5735 - 95

Standard Test Methad for

© AMHHICAN SCCETY SOR TESTING ANC MATERIALS
. 1918 Aace 3L Phiaceioine, Py 19103
Aensiniad o the Anrual Sook o ASTM Stardards, Copwight AGTM
18 0a2 intad 8 e Cvrent COMDIC] indax, wal Jppass in 1he next sgtion,

Microvacuum Sampling and Indirect Analysis of Dust by
Transmission Electron chroscopy for Asbestos Structure

Number Concentra’aons

This saadard s istued undar the [ixed deagnation D §733; the aamboer Emmadinxdf following tha dedgnasion fadicxeas the vear of
ber i heses indicates the your of last rexporoval, A

anginal adoption ar, in (he cug of revigan, die yar of last e

fsoa. A in par

supersernipt epsilon (o) indicates 3n alitorial change since the fast revision or reagprovel

1. Scope

1.l This test methed covers a pmc:dum g (a) 1dcnufy
asbestos in dust and (b) provide an estimate of the concen-
tration of asbestos in the sampled dust reported as the

number of asbestos structures per unit area of sampled

wrface,
1.1 !fan estimate of the asbestos mass is to be deter- -

mined, the user is referved to Test Method D 5756,

1.2 This test method describes the equipment and proce-
dures accessary for sampling, by a micravacuum technique,
non-girborne dust for levels of asbestos structures, The
non-airborne sample is collected inside 2 standard fler
membrane casserte ffom the sampling of a surfacs area t‘or

dust which may contain asbestos.
1.2.1 This procedure uses & microvacuuming mphug

technique. The collection efficiency of this technique 1:1

unimown ‘and will vary among substrates, Propertics influ-
encing collecton efficiency inciude surface texture, adhesive-

" ness, electrostatic properties aad other {actors.

1.3 Asbestos identified by transmission clectron micros-
capy (TEM) is based on morphology, selected area electron
diffraction (SAED), and ‘energy dispersive - X-my .analysiz
(EDXA). Some mformanou about’ structure szz is also

determined.

(4 This test mczhud is gcncmlly applicable for an estis.

mate of the conceniration of asbestos structures starting from

. approximately 1000 ashestos structurss per square c:nn- _

metre,
1.4, The procedure outlined in this test method empidys

an indirect sample pr:pamnon technique. 1t is inteaded (0
disperse aggregated asbestos into fundarpental fibrils, (Tber
bundles, dlusters, or matices that can be more accurately
quantified by transmission electron microscapy, However, as
with all indirect sample preparation techniques, the asbestos
abserved far quantification may not repeesent.the piysical
form of the asbestos as sampled. More spedifically, the

procedure described aeither creates nor destroys asbestos,
but it may alter the physunl farm of the mineraf fibers.

1.5 The values stated in ST units are 1o be cegarded as the
standard. The values given in pareatheses are for informa-

tion only.
|.§ This standerd does not purpert (o address aff af the

safety concerns, if any, associgted with its use. }t is the

* This wxt method is under 188 junsdiction of ASTM C itsew De22 on
Samping and Asaivex of Almoubcn: iad it ke dicest ropensibilicy of
Subdcammutice O2L07 un Ssmoling 1nd Analysis & Asbeston

Currons cdition Jpproved August {5, 1993, ublished Cetaber 1995,

rr.rpam:b:/uy of l/ze user af thes .rzandard to establisk appro-
priate safety and health practices and determine the app/zc:z—
bilicy 0/ regulatory [imitations prior (0 usa. _

2. Referenced Documents

1} ASTM Standards;

D 1193 Specification for Reagent Water?

D {739 Test Mcthod for the Collection and Measurement
of Dustfall (Settieable Particulate Matter)?

D 3193 Practics for Ratameter Calibration”®

D 3670 Guide for Determination of Precision and Bias of
Metheds of Cammittes D-223 '

D5756 Test Method for Microvacunm Sampling and
Indirect ‘Analysis of Dust by Transmission Electran
Microscapy for Asbestos Mass Concentration?”

3. Terminology

3.1 Definitions:
111 ashestiform—a special type of fibrous habu in which
the fibers are separable into thinner fibers and uitimately

imo fibrils. This habit accounts for greatzr fexibility and

" higher tensile strength than other habits of the same mineral.
For moce information onr asbestiform mmemlogy, sa= Refs

(114 (2)'and @).-
3.1.2 asbestos—a canndzvctcmthatdm'baagmupaf

maturally ocowrring, inorganie, highly Sbrous, sficate domi-
nated minerals, which are ecasily separated into long. thin, _
flexible fibers when crushed or processed.
Dscussion=-={ncixied (n the defnition are the zsbesuroun vaTictiss.
oft serpeatine (chrysotile); ricbeciito (crocidoliic); grunexite (grunerite
usbestos); anthophylilie (anthophyilltz asbestos); tremolite (tremofite
asbestos); and actinolity (actinolils asbestns). The amphibole mineral
mmmﬂommmmﬂummmmuimm

tonal Mineralogical Association (3).
Asbestas Chemicai Abma Serviea Na
wa.sodl: 12001-29-3
Crocidolite 12001284
Gamerile Asbastos 1272735
Anthaphyilite Atbestos T7536-67-3
Tremaiite Asbestos 77536585
Actinolite Asbestox T7536-66-4

3.3 fibri—a single fiker that cannot be separaled into

2 Annral Busk of AST2d Sandards, Vot 11,01,

3 Aunual Soak of ASTM SRandards, Yol 11,03,

‘ﬁnhu[nnummmm‘a(awmddmumm
of this et method. 77

3 The nan~wsbanilt iadons of the is indi in 5.1.] mave
different Chemicat Abm,.:rnc.(Cr\Sl Aumbers.

g,



" §h ps7ss

smaller camponents without lesing its fbrous properties or
aopcxra.uc:

.2 Descriptions of Terms Specific (0 This Standard:

3.2.1 aspec? ratio—ifie ratie of the Iengm of 1 fitraus
partcie to its average width.

3.2.2 bundle—a structure composed of thrze or more
fiters in a parzllel arrangedient with the (bers doser than

_ one fiber diamder 10 cach othez, -

. 3.23 duster—a structure with fTkers in a mndom arrange-
ment such that 2l Rbers are intermixed 2nd no single fiber is
isofatad ffom the group; groupings of fibers must have more
thag two potnts touching.

324 depris—materials that arc of an amount and size
(particles greater than | mm io diameter) that can be visually
identified as to thdr squoes.

325 dust—any materal compesed of particdes in a size
range of < mm and large encugh 10 scrtle by virtue of their
weight from the ambient oir {sce definitan for scettieable
partculate maner in Test Methad D 1739).

3.2.8 fiber—a smucture having 2 minimum fzugth of 0.5
um, an aspect ratio of 5:! ar greater, and substantially

parallel sides (4).

" 3.2.7 fibrous—af a mincral camposed of paralel, radi-
aling, or interfaced aggregates of fibers, from which the fibers
are somctimes separable, That is, the crystailine aggregate
may be referrsd ta as fibrous even if it is not composed of
separable fibers, but has that distnct appearance. The tzym
fibrous it used in 3 general minersiogical way to describe
aggregates of grains that orystallize in a needle-likz habit and

~

appear I be mmpcscd of fibars. Fibrous has a2 much more

" general meanipg than asbestos. While it is correct that all
ashestas minerals are Abrous, nat all mrinerals havmz fibrous

habits are ashestes,
328 indirect prenaration—a wethod in which a sample
passes through one or more intermediate steps prior to final

filtration,

329 matrix—a structurs ig whick oge or more fbers, or-

fiber bundles that are touching, are attached to, or partially,
concealed by a spgle particle or connectd group of noz-
ﬁbmu:pamau.ﬂx:cxposcdﬁbcrmun mmmcﬁh::

definition (see 3.2.5).
3.2.10 nructures—a erm that is used 1o c:m:gonz; ail the

types of asbestos particles which are recorded during the
analysis (Such as fibers, bundles, clusters, and matdcess).
Final results of the lest are always expressed in asbestos

4. Summary of Test ¥ethod

4.1 The sample is collected by vacuuming a2 kpown
surface area with 1 standard 25 or 37 mm air sampling
- cassette using a plastic lube that is attached 10 the inlet

onifice which acis as a nazzie, The sample is transferred from
inside the cassette 10 an aquequs soluticn of kpowa velume.
Aliquots of the suspension are then filtared through a
membrane. A scuon of the membrane is preparsd and
transferred to 2 TEM grid using the direct taaster method.
The asbestiform structures are ideatified, sized, and counced
by TEM, using SAED and EDXA at a magnificadon of
15000 1o 20 CCOX.

5. Significance and Use
5.1 This microvacuum sampimg and indirect analysis

methad is used for the g:ncml testing of non-airborne dus
samples for asbestos. It is used © 233is in the evaluation of

dust that may be found on surfaces in buildings such as

cailing tles, shelving, electoical compouents, duct wark,
a:pcgctc.mstmmcxhodpmﬂdc:anmdaot’mc

concentation of asbestos structures in the dust per unit area

analyzed as derfved from a quantitative TEM analysis,

S.1.1 This st methed does aot describe procedures ar
techniques required (o evaluate the safer v or habitability of
buildings with asbestos-containing materials, or complianc
with federal, state, or local reguiations or statutes. It i the
user's respangibility to maks these determinations:

5.2 At present, a siogle direcr reladonship berwesn
ashestosonmining dust and potential buman expaiure does
not exist. Accordingly, the user should consider these data in

rdationship to olhcr available mformanon i their evalua-

GOrL .

1 This test m:zhud uses the definition, serrleable partic.

u._:st: matérial, foend in Test Method D {739 as the dafini-
ton of dust. This defnition accepts all particles small
enough to pass through a | mm (No. 18) screen. Thus, 2
single, large asbestas containing particlels) (from the large
end of the particie sizw distribution) dispersed during sampike
pregaration may result i anomalously large asbestos con-
centration results in the TEM analyses of thar sample, [t is,
therefore, recommended that multiple indegendent samples

- are secured from the same arer, and a minimom of thres

samples anafyzed by the endre procedurz,

6. Interferences
6.5 The {ollowing minerals bave properties (that js, chem-

.xa! or caystalline structure) which arc very dmilar to

abestcs minerals and may interfers with the analysis by
cauzmg a flse positive t@ be recorded during the st
Therefore, literature references for these maicsals muost b

maintzired in the labaratory far comparison to asbestds

mnmhsothmmcyarcnotmmdcnnﬁada:m

minerals.

6.1.) dntigorite.

8.1.2 Palygorskite (dutaguigite),

6.1.3 Halioysite.

6.1.4 Pyraxcnes.

6.5 Sepiolite.

6.1.8 Vermiculite scrolls. -

6.1.7 Fibrous ralc.

8.1.8 Hornblentde and other amphibafes ather than these
fisted in 3.1.2

§.2 Cotlecting any dust particles greater than | mun in sze
int this test method may cause an interferzncs and, therefore,

must be avoided.

7. Materials and Equipment
7.1 ‘Purity of Reagents—Reagent grade chemicals shall be

used in afl tests. Unless otherwise indicated, it is intended

that all ceageats conform 1o the specificadons of the Cam-
mittzz on Analytical Reagenrs of the Ameriar Cremicy
Scccz';, where such specifications are available. Other graces

b= used, provided it is firse ascortzined that the reagent
s cf sufficieady high purity o permit its use without



' lessening the accuracy of the determinadion.

12 Transmission Electron Microscope (TEM), an 80 10

120 k¥ TEM, capable of performing eleczron diffraction,
with a fluorescent screen inscribed with calibrated grada-
' uons,zsmuxrcd.’l'h:TEMmusxbceqmppedthncxmgy
dzsp:mve X-ray spectroscopy (EDXA) and it must have 2
scanning transmission &ectron mxcmscopy (STEM) attach-
ment or be capable of preducing a spot size of less than 250
. nm in diameter in crossover.

-’ 13 Energy Dispersive X-ray System (EDXA).
74 High Vacuum Carbon Evaporator, with rotating stage.
13 High Efficiency Particedate Air (HEPA), filtered nega-

tive flow hood.
1.8 Exhaust or Fume Hood, -
1.7 Particlefree Water (ASTM 'I'ype U, sz Spaxf cation

D 1193)
1.8 Glass Beokers (S0 mL).
79 Glass Sample Containers, with wide mouth screw cap

(200 mL.) or cquivalent sealable container (height of the glass
sample conlainer should be approximately 13 an bigh by 6
cm wide),

7.10 Waserpraof Markers. ‘

7.11 Foreeps (tweezers),

7.12 Ultrasonic Bath, table top made] (100 W).
l 7.13 Graduated Pipettes (i, 5, {0 mL sizes), glass or
.- plastic,
7.14 Filter Funnef, either 15 mm or 47 oum, glass or
dispasable, Filter funnef assemblies, either glass or disposable
' " plastic, and using sither 2 25 mm or 47 mm diamerer filier,
: 7.15 Side Arm Filter Flask, 1000 mL.

: . 716 Mixed Celludose Ester (MCE) Membrane Filters, 25

. .or 47 mnt diameter, =0.22 pm and Summrcsizc.

7.17 Pol;mrbana:e (PC7 Filters, 25 or 47 mm diameter,

. 50.2 R pore size,
7.18 Slorage Containers, for the 25 ar 47 mm filters (for

" archiving).
7.19 Glass Slides, approximately 76 by 25 mm in size.
1 7.20 Scaipef Blades, No. |0, or equivaleat.,
~~ 721 Cabinet-type Desiccatar, or low wmperature drying
- oven. '
" 122 Chioroform, reagent grade., =
723 Acztone, reagent grade.
‘., 124 Dimethylformamide (DME}.
- 1.25 Glagial Acetic Acid.
126 l-methyl-2-pyrrofidone.
127 Plasma Asher, low temperature.

. 128 pH Paper.
129 Air Sampling Pump, low volurse persanal-type, ca-

pable of achicving a flow rate of | to 5 L/muin.

7.30 Rotameter.
131 A4ir Sampling Cassettes, 25 mm or 37 mm, con-
taining 0.8 pra or smaller pare size MCE or PC fltess.

i 7.32 Cork Borer, 7 mm.
1 733 Nan-rsbestas Mineral, ceferences as autlined in 6.1.

l "o Rcpeae Charmucats, Aemerican Cy | Suciay Spraficadans, Amcricaa
. » Chemicy Sociesy, Washington, 5C, For suggesions an (e lesting of rcagents bas

listed by the Amencan Chemicid Sodiety, we Anclar Standards or Lubdagory

+ Chermicats, 30H Lid,, Podle, Ooret, U.X. ind the United Slates Pharmacopera

end Naiomdi Furmidary, (5. Pharmacsuacd Coavenuan, {ne (USPQ),

—_——

€4 D 5755

7.34 Adsbestos Standards, as outlined in 3.1,
7.35 Tygon’ Tubing, or equivaleat,
136 Small Vacuum Pump, that can maintain a pressure

of 92 kPa. \
737 Pari Dishes, largc glass, appruxxmamiy S0 mm in

diameter.
1.38 Jafe Washer, stainless steel or aluminum mesh -
screen, 30 10 40 mesh, and approximately 75 mm by 50 mm
in size.
139 Copper TZM Finder Grids, 200 mesh.
7.4Q Carbon Evaporator Rods, -

7.41 Lenx Tissue
7.42 Ashiess Filter Paper Filters, 50 mm diameter,

7.43 Gummad Paper Reinforcement Rings,

7.44 Wash Bosler, plastc,

7.45 Reggent Alcoheol, BPLC Grade (F'xsh:r A995 or
equivalent).

7.46 Opening Meh Screem, plastic, 1.0 by 1.0 mm,
{Spectra-Mesh #146410 or equivalent), .

747 Dlﬂ'raczion Grazing Replica, ..

8. Sampling Procedure for Micravacuom Technique

3.1 For sampling asbestos-containing dust in either indacr
or outdcor eavironments, commercially available cassentes
must be used. Air monitoring casseftes containing 25 mm or
37 mm diameter mized ceflulose ester (MCE) or
palycxcbanate (PC) Hlter membranes with a pores size Jess
than ac equal to 0.8 pm are required (7.31). The number of
samples caflected d:p:nds upon thc specific amumsuncn af

the study.

8.2 Maintam a log of all pertinent samp{mg information
and sampling locations,

8.3 Sampling pumps.and flow mdmmn shall be caii-
brated usngamﬁcdsmndardzpmmsotasunbly (sc=
Practics D 3195 and 7.29). o

8.4 Record all caiibration information (5)

8.5 Perform a leak check of the sampling system ntuch
sampling site by activating the pump (7.29) with the clased
sampiing cassettz in line. Any air flow shows that & ek is
present that must be elfminated before initfating the sam-
pling operation., ‘

8.6" Attach the sampling cassette to the sampiing pump at
the outlet side of the cassente with plastic tubing (7.35). The
plastic tubing must be long encugh in that the ample ameas
can be reached without intesference from the sampling

‘pump. Attach 3 clean, approximately 25.4 mm long piacs of

plastic tubing (6.35 mm imternal diameter) directly to the
inlet arifice. Use this picce of tubing as the sampling nozzle.
Cut the sampling end of the twbing at a 45" angie as
illustrated in Fig. [ The exact design of the nozzle is not
critical as long as some vacuum break i provided to aveid
simply pushing the dust around on the surficz with the

'tioz!cmhcrthanvacunmingizinmm:mam.mc

internal diameter of the nozzie and flow rate of the pump
may vary as long as the air velosty is 100 (=(0) an/s. This
air velocity calculation is based on an internal ssmpling tube
diamezer of .15 mm at a low rate of 2 L/min.

3.7 Measure and dezermine the sample area of interest, A

? Tyson is 3 regisiered (mdamark of the DuPsay Ca,
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samnple area of 100 cm? is vacuumed until there is a0 visible
dust or particulates matter remaining, Perform a minimum
of twa octhogonal passes on the surface within a mix:limum

€ 2 min of sampling time. Avoid scraping or abrading the |

of2

surfacs being sampled. (Do not sample any debris or dust
partcies greater than | mm in diameter (sec 4.2).) Smaller or
larger arcas can be sampled, if needed. For example, som:
surfaces of interest may have 2 smaller area than 100 cm?.
Lesy dusty surfaces may require vacuuming of larger areas,
Unlike air samples, the gverfoading of the casseties with dust
will not be 2 problem. As defined in 3.5, only dust shall be
collected for this analysis,

8.8 At ihe end of sample coflecdon, invert the cassetie so
that the nozzie inlet faczs up before shutting off the power ta
the pump. The nozzle is then sealed with a cassette end-plug
and the cassette/nozzie taped or appropriately packaged to
prevent separation of the nozzle and cassette assembly. A
scoond option i3 the remaval of the nozzie from the cassetie,
then piugging of the cassette and shipment of the nozzie (aksa
plugged ar both ends) sealed in a scparaie closeable plastic
bag. A third gptan is placing the nozzle inside the cassette

. for shipment. The nozzle is aiways saved and rnsed becinse
- 2 significant percenmge of the dust drawn Som a lighdy
loaded surface may adhere to the inside walls of the tubing.

8.9 Check that all samples are cleatly labeled, thac all dust |
sampling ipformadon’ sheets are completed, and that agh~
pertinent information has besn enclased, in accordaace with
laboratory quality controf practices, tefore transfer of the
sampics to the laboratory. Inciude an vnused casseite and
nozzle as 3 field blank. ’

.10 Wipe off the exterjor surface af the casserres with
disposable wet towels (baby wipes) prior 0 packaging for

shipment.

9. Sample Shipment

9.! Ship dust samples to an analydcal laboratory in a
scaled container, but separate fom any bidk or air samples.
The casscties must be tightly sealed and packed in a matexial
free of Ghers or dust to minimize the potential for cantami-
nation. Plastic “bubble pack”™ is protably the most appro-

priate marerial for this purpose.

10. Sample Preparation
10.] Under a ncgative flow HEPA hcod (7.5), carefully
wet-wipe the extericr of the casseures (g remove any possidie

contamination before midng casscries N0 3 clean prepara.

.ton area

102 Perform sampie prcpamuon iz a clean facility that

has a separate work area from both te bulk and air sampic

przpamuan areas, .t
103 Inital specimen preparaticn shail ake plac= in a

clean HEPA filtered oegative pressure hood to avoid any
possible contaminatian of the laboratory or personnel, or

both, by the potentially large number of asbestos soructurss

- in an asbhestos-conwaining dust sample. Clesnliness of the

preparadon area hoods s messured by the cumulative
process blank concearrations (sez Section (1),

10.4 All sample preparation steps 10.4.1 through 10.4.4
shall take pjace in the dusc preparaton area inside a HEPA

" hood.

10.4.1 Remove the upper plug fum the sampic casctte
and carefuily iniroduce approximately 10 mL scludon of a
50/50 mixture of particle<Tee water and r=agent alcohol into
the cissette using a plastic wash bottle (7.44), If the plugged
nozzle waslcﬁ agrached o the cassette, then remove the plug
and introducs the water/alcohal- soiudon into the cassette
through the tubing, and then remove the tubing, iF 1t &
visibly clean.

10.4.2 Replace the upper plug ar the sampie cap and

lightly shake the dust suspeusion by hand for 3 &
{0.4.3 Remove the entire <ap of the cassettz and pour the

suspengien through a 1.0 by 1.0 mm opening screen (7.46)
into a procleaned 200 ml. glass specmen bottle (7.9). All
visible traces of the sample contained in the cassertz shall be
nesed through the sczeen imto the specmen bodtle with a
plastic wash bottle contuining the 50/50 soludon of particie-
free water and alcohol Rezpeat this procedure twa additional
times for a total of three washings. chz, rinse the nozzle twa
or thres times thmugh the screca mm the specimen bottde
with the 50/50 mixwure of water and #lcohol. Typxczuy, the
ml amount of tha 30/50 mixnure used in the dnse is 50 o
75 mL Discard the {.0 by 1.0 mm screen and bring.the

" volume of solution in the specimen bottle up o the 100 mL

mark on the dde of the boatle with particle-free water oniy.

10.4.4 Adjust the pH of the suspension 103 10 4 using a
10.0 % salution of acetic acid, Use pH paper for mng.
Filter the suspegsion within 24 b to avoid probiems associ-

ated with bacterial and fungal growth.

10.4.5 Use either a disposable plastic filtration anit or 2
glasy filtering unit (7.14) for Gltration of aliquots of the
suspeasion. The ability of an ' individual Sitration unit to
producs 2 uciformm distmbution may be tested by the
filtrarion of a colored particulare suspension such as diltted
India ink {(suspenision of carbon black).

10.4.5.1 If a diapasable plastic filtration unit {s used, then
unwrap a new dispasable plastic filter funne! unit (either 25
or 47 mm diameter) and remove the tape around the base of
the funnel. Remove the funne! and discard the wop fller
supplied with the apparatus, retaining the ccarse
polyprupylene support pad in place. Assembie the unit with
the acapter and a propesily sized neoprenc stopper, and
anach the funnel w0 the {0C0 mL side-arm vacuum flask
{7.15). Place 2 5.0 wm pare dze MCE (backing fdlter) on the
support pad. Wet it with 1 few 'ml of particle-ffee warter and
plage an MCE (7.16) or PC fltar (0.22 um pore gz} (7.17)
an top of the backing Alter. Apply 2 vacuum (7.36), ensuring
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that the flters ars centersd and puiled far without air
bubbles. Any irreguiarities on the fiter surface requires the
discard of that filter. Afler the filter has been seated properdy,
replace the funndl and reseal it with the tape. Retum the

flask to atmosphesic pressare.
10.4.5.2 If a glass ftration unit is used, placza 5 um pare

size MCE (backing fliter} on the glass {6t surface, Wet the
filter with particfe-ires water, and place an MCE or PC fter

(=0.22 pm pore size) on top of the backing filter. Apply 2.

vacuum, ensuring that the filters are centered and pulled flat
without air bubbles. Replacs the filters if any ireguiadties
are sean on the filter surface. Before fitration of each set of
sample aliquots, prepare a blank filtar by fltration of 50 mL
of particle-frae water. If aliquots of the same sample are
filtered I order of increasing concentration, the giass filtra-
tion unit need not be washed hetwesn [ltration. After
completion af the filtration, do got allew the fltratioa finned
assembly 10 dry becanse contaminagon is then mare difficuit

10 remove. Wash any residual suspeasion 'ﬁ'cm the Stration.

assernbly by holding Rt under a flow of water, then rub the
surface with a clean paper towel soaked in a detergent
solution. Repeat the cleaning operation, and thex ninse two
times in particle-Ges water.

10.4.6 With the flask at atmospheric pressure, add 20 mL
of partide-fiee waler into the funncl, Cover the filter funnd
with its plastic cover if the dispasable filtering unit is used,

10.4.7 Briefly hand shake (3 s). the capped bottle with the
sample suspension, then place it in a tabletop uitrasonic bath
(7.12) and sonicate for 3.0 min, Maintain the water leve! in
the sonicator at the same height as the solution in sampile
bottle, The ultrasonic bath shall be clibrated as desczibed in

20.5. The ultrasonic bath must be operated at equilibrium

temperature, After sonicating, return the mmple bottle to the
work surface of the HEPA hoad. Prcpmuon steps 10.4.3
through 10.4.14 shail be carried out in. this hood.

10.4.8. Shake the suspension lightly by hand for 3 3, then

letxtmtfarl.ommton.ﬂowlmz:pnmdatosmhmme.

bottont of the botile or float to the surface. .
10.4.9 Estimate the amount of liquid (o be witbdrawn to

produce an adequate {lter preparatioa. Expcncnc: bas

shown that a light staining of the flter nuxface will yi
suitabie preparation {or analysis, Filter at lesst 1.0 ml, but
no more than haif the total volume, If after examination in

the TEM, thie smallest volume measured (1.0 mL) (7.13)

yields an overlozded sample, then perform additional sedal
dilutions of the suspension. If it is extimated that lesy than
1.0 mi. of solution has to be filtered because of the density of
the suspension, perform a serial dilution. ‘

10.4.9.] I serial dilutions are required, repeat step [0.4.3
befare the seral dilution partion is taken. Do aat revsopicate
the original solution or any serfal dilutions. The recom-
mended procedure far a serjaf dilution is to mix 10 mL of the
sampie solution with 90 mL of particle-{ree water i 2 clean
sample bowtle (o obtain a 1110 serial dilution. Follow good
labaratary practicss when pc:tonmug dilutions,

10.4,10 Insert a new dispesable pipette halfway into the
sumple suspension and withdraw a portion. Avoid pipetting

any of the large Joating or settled particles. Uncover the filter
- funnel and dispense the mixiure from the pipedte into the

shm Feveemumd

16.4.11 Apply vacuum to the &axk and dmw the mixture

through the filter,
10.4.12 Discard the pipette,
10.4.13 Disassemble the flitering unit and carzfully re-

move the sample filtar with fine weszers (7.11), P!a:: the
complieted ampie filter particle side up, into 2 precleaned,
labeled, disposable, plastic petri dish (7.48) or other smilar

container,
10.4.14 In arder to ensure thar an optimally-Joaded fiter

is abtained, it is recommended dmtﬁltcrsbcprc:amd from
several different aliquots of the dust suspension. For this
series of filters, lturecnmmcndadtbatthcvolnmcofcachp
aliquot of the original suspension bs 2 fctor of five higher
than the previous one. If the filters are prepared in order of
increasing aliquot volurne, all of the filters for one wmmple
can be prepared using ane plasde disposable filtration unit,
ar without cleaning of glass fltration equipment betwween -
individual fltration. Before withdrawal of eachs aliquot from
the sample, shake the ” suspcnsmn without additional
sonification and aflow to rest for 2 min.

10.4.15.There are many practical methods for drying

MCE Biters, The following are two examples that can be used:
(1) dry MCE filters far at least 12 h (aver desiceant) in an
airtight cabipertype désiccator (721); (2) to shorten the
drying time (if desired), rezmove a plug of the darop filter and
ateach it 0 a glass dide (7.19) as described in 12,12 and
{2.1.3. Place the stide with a fOlter plug or filter plugs (up 0
eight plugs can be attached 1o one sfide) on 3 bed of
desiceant, in the desiccator for | h.
10.4.16 PC fltcrs do noi- require lengthy drying before

preparation, but shall be placed in a desiceator for at least 30 -

min befores preparation, ‘
10.5 Pr:pznTEMmmm&nmsmanmcn:cfa:h :

dried filter using the appropnat: direct, transfer preparation

method. =

11, lenh

11.1 Pmpa:esamphblankxthat mdudebotba.prom
biank (50 mL of particle-fres water) for each set of samples
analyzed and ope unused flter from each new bax of mmplke
filters MCE or PC) nsed in the laborztary. If glass fltexing
units are used, prepare and analyze a procass blank exch tima
the filtering unit is cleaned. Blamks will be considered
contaminated, if afler analyss, they ars shown to contin
more than 53 asbestos structures per square miflimetre, This
genesally comesponds to three or four asbestns structres -
found in ten grid openings. The source of the contamination
must be found before any further amalysis can be performed.
Reject samples that were proc=ssad along with the conami-
natcdblanhandpmpamncwsmplaaﬁu’ttxcsoumcofm:

contamination is Bund,
-11.2 Prepare ficld blanks which arc included with sample

sets in the same manner as the samples, to test for contami-
nation during the sampling, shipping, handling, and prega-
radan steps of the method.

12, TEM Specimen Preparation of Mixad Cellulose Ester

(VICE) Filters
Nara 1—Use of dther e acmtone ue Lbe diamethyilormamide-

ac=ug acid mehod i acceptabie,
12, Acvtune Fusing Method:
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12.1.] Remave a section (a plug) from any quadrant of
the smpie and blank filtess. Secticns can be remaved ffam
the Aters using a 7 mm cork borer (7.32). The cork borer
mux be wet wiped after each time a secion is removed.

12,12 Place the filter sectioa (particie side up) oa & clean
. microxcope slide. Affix the fiiter section to the slide with a

gumuned page reinforcement (7.43), or other suitable means.,
Label the slide with 2 glass scribing tool or permancut
wuacker (7,10).

12.1.3 Prepare a fusing dish from a glast pewt disk (7.37)
and 2 meml screen bridge (7.38) with a pad of five to six
ashless paper filters (7.42) and placs in the bonom of the

petri dish (4). Place the screen bridge on tap of the pad and

sacurmta tha fiiter pads with acstone, Place the slids on top of
the bridge in the perri dish aod cover the dish. Wait
‘approximatcly 5 min for the ssmple filter to fisse and: dear. ”
122 Dimethylformarnide-Acetic Acid Method:’

- 1221 Placs a drop of clearing solution that consists of
35 % dimethyiformamide (OMF), |5 % glactai acetic acid,
and 50 % Type II water (v/v} oa a clean micgoscope slide.
Gauge the amaunt ased so that the clcardng sclutioa just

sacurates the fiter sectioa. .
1222 Carcfully lay the filter segment, sample surface

upward, on top of the solution. Bring the filter and soiution

together at an angle of about 20° 1o help exclude air bubbles.

Remave any excess clearing solution. Place the slide’in an
gven or ¢n a hot plate, in 3 fume docd, at 63 to 70°C for 10
min.
12.3 Plasma ciching of the collapsed filter is required.
123.! The. microscope slide o which the collapsed flter
pieces are antached is placed in- a plasma asher (7.27).
. Because plasmpa ashers vary gready in their paformance,
toth (rom unit to unit and between different pasitioas in the
asher chamber, it is difficult {o specify the exact conditions
that must be used. Insufficient stching will resuit in 3 filure
to expose embedded fibers, and too much ciching may result
in the lost of partickes fromr the flter surface. Ta determine
the optimum time for ashing, placs an unused 25 mm
diameter MCE filtes in the center of 1 glass microscope dide
Position the stide approximately in the czater of the asher
chamber, Close the chamber and evacuate tg a pressure of
appraximately 40 Pa, wiile admitiing oxygen tg the chamber

zot be used. Carbon rods (7.40) used for evaperators shall be
sharpened ith 2 carbon tod sharpezier o a neck of abaut 4
mmxnlcngthmdlmmmdmmd:r The rods are installed
in the evaporator in such 2 mamner that the points are
approximately 100 120 mm from the nrface of the
microscape dide beld in the rowting device,
12.4.2P£ac:thcg!assshdcholdmgthcﬁltu:qnﬂzc
rowton devics, and evacuate the svaporator chamkber to a
vacuum of at least |3 MPa. Perform the evaposation in very
short bursts, scparated by 3 10 4 3 to allow the slectrodes o
cocl. An alternate methad of evaperation is by using 2 slow

'canunuoux applied cwreat. An experienced amalyst can
Jjudge the thickness of the carboa film to be appiied, Conduct

tesss on unused filters frst. If the carbon film is. too thin,
large partcies will be Jost from the TEM specimen, and there
will be few complete and undamagcd grid cpcnmg: on the

specimen,
SZQI If the coanng i3 too thick, it will lead to 2 TEM

image that & lacking in contrast, and the ability to obtain
eleczron diffraction pagems will be compromized. The

carbon fim shall be as thin as pessible and sdll remain intact

‘on most of te grid openings of the TEM specimen.

125 Preparation of the Jaffe Washer—The precise design
of the Jaffe washer is not considered impartant, so any one of
the published designs may be used (7, 8), One such washer
consists of 2 gdmple arainless ste2d bridgs contained in a glass
peti dish.

12.5.] Placs several piecss of lens tissue (7.41) an the
stainiets steed bridge, The pleces of lens tissue shall be large
enoughl to completaly drape over the bridge and into tha
solvent. In 3 fume hood; fill the peni dish with acerone (or
DMF) until the height of the solvent is brought up to contact
the underside of the metal bridge as llustrated in Fig. 2.

128 Placing the Sgpecimens (nto the Jaffe Washer:

12.6.1 Place the TEM grids (7.39) shiny side up on g piccs

* of lens tixssue or Gltzr paper so that md.mdual 3nds can be

asﬂy picked up with tweeers. .
2.6.2 Prepars thres grids ftom each sample.

176.2.1 Umngacurvedsmlpciblade 7’0).:1::5:3!!::&. .

two square (3 mm by 3 mm) piecss of the carbon-coated

MCE fiter from the glass slide.
12.6.2.2 Placz the square fiter piecs c:rbon-sxdc up on

at a rate of 8 10 20 cm’/min. Adjust the tuning of the system 2=top of a TEM specimen grd.

‘50 that the intensity of the plasma is maximized, Determine ™
the time required for complete oxidatioa of the fHter. Adjust
the syttem parameters to achicve complets oxidation of the
filter in a period of approximately |5 min. For ctching of
collapsed filters, use these aperating parameters for a period
. of 8 min. For additicaal information oa calibration, sez the
USEPA Asbestos-Containing Materiols in Schoofls (4) or
NIST/NVLAP Program Handback Jor Airborne Ashestos
Anafysis (8) documents.
12,3.2 "Place the glass slide containing the callapsed fiiters
into the low-temperarure piasma asher, and ewch the filter.
12.4 Carkon coating of the collapsed and etched filters is
rcquircd. . .
{2.4.] Carbon coating must be performed with a high-
vacuum coating unit (7.4), capable of less than {10~ torr (13
MPa)} pressure Units that are based on evaporation of
carbon flaments in 2 vacuum gencraied only by an oil rotary-
pump have not bezn evaluated for this appiication and shail

{2.6.2.3 Place the whole assembly (8lter/grid) on tbc
saturated-lens tissuc in the Jaffe washer, ’

Eleczion microscape
spesimana Stalnisas stasimesh

Glass putrl diak
bridge (50 mash)

(103 mm x 1% mmi
\

Lana
Tlaaus

F1G. 2 Exampla of Design af Safvent ‘Washar (Jaife Washer) -
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{2.6.2.4 Placs the thres TEM grid sampie filter preparz-
tions an the same piecs of lens tissue in the Jaffe washer,

12.6.2.5 Place the lid ou the Jafle washer and allow the
system to stand for several hours.

12,7 Alternately, placs the grids o a low leved {petri dish
filled to the & mark) DMF Jaffe washer for 60 min. Add
enough solution of equal parts DMF/acstone to Gl the
washer to the screen level, Remove the grids after 30 min if

they have dearad, that is, all filter material has been: teqzoved

from the carbaa film, as determined by inspection in the

TEM,

12.8 Carcfully remove the grids from the Jaffe washer,
allawing the grids to dry before placing them in z desa
marked grid box. -
13. TEM Specimen Preparation of Poiymbonm >0

Filter
13.1 Caver the surfacz of a clean microscope side with

two strips of dauble-sided adhesive Gpe.

13.2° Cut a stip of filter paper siightly narrower than the ,

width of the slide. Position the filter paper styip on the cenier

of the leagth of the slide.

13.3 Usiog a clean, curved scalpel blade, cut astnp afthn
PC fiiter approximately 235 by 6 mm. Use a rocking motion
af the scalpel blade to avoid tearing the filter, Place the BC
strip particle side up on the slide perpendicular to the long

axis of the slide. The ends of the PC strip must contact the

double sided adhesive tape, Each sfide ean hold severad PC
strips.. With a glass mzrke::labd:thCmpwuhmc

_ individual sample number.

13.4 Carbon coat (thCﬁltcrsﬁ’xpsasdm:usedm

© 12.4.2. PC filters do not require ctching.

Norn Z: Camtion~—-Da not overheat the fiter sections while crbog
conting,
13.5 Prepars a Jaffe washer as described in 12,5, but filf
the washer with chloroform or I—mez.by!-z-gynnhdonc to the

level of the screen.,

13.6 Using 2 clean curved scaipel blnd:. excisg - three, -

3-mm square filter pieces from cach PC strip. Placs the fter
squares carbon side up on the shiny side of a TEM grid. Pick

up the grmd and filter section together aud placs t.!::m onthe.
‘ b, Y

lens tissus in the Jaffe washer., -
13.7 Place the lid on the fafle washer and rest &!cgndsm

bplac: for at least 4 h. Best results are obtained with !onga

wicking times, up (o [2 b,
13.8 Carefully remave the grids from the J‘affc wash:r,

allowing the grds to dry befors placing them in 3 clean,
marked grid box.

14. Geid QOpening Messurements
14.] TEM. grids must have a known grid opening area.

_Determine this area as follows:

142 Measure at least 20 grid openings in each of 20
random 75 ta 100 um (200-mesh) copper grids fora totaf of

440 gid openings for cvery 1000 grids used, by placing the

20 grids on a giass slide and examining them under the
qutical microscope. Use a calibrted graticule (0 mexsitze the
average length and width of the 20 openiags from cach of the
individual grids. From the accumulated data, calcdam the

average zrid apeaing ar=a of the 400 openings. .
4.3 Grid a2 measurements can alsg be made ag the

TEM at a calibrared screen magnification oibctwezn 13 C00
aad 20 000X Typicaily measure one grid apening for each
gndcxxmncd.Mmrcmdapmng;mbcmmexmdy
directions and calcuiate the area.

14.4 Precalibratedd TEM grids are ajsn awqxabie for this

et methed.

15. TEM Meﬂmd . )

15.! Microscope settings: 8 to 120 kY, 15000 o
20 000X screen magnification for analysis (7.2).

152 Analyze two grids for cach sample: Analyze ane-half
or‘mcszmpl:am.ou ot sample grid pmpamuon and the
remaining baif on a sccond sample grid preparadoa,

13.3 Determination of Specimen Suitadility:

15.3.1 Careflilly load tthEMmd.wbcnsdc&ungup

J

lﬁnnbcTEMcolumn)wnbtbcmdbamoncmzipamud/

perpendicular ta the leugth-of the specimen holder. Use a
hand feas or loupe, if necessary, This procedure will line up
the grid with the X and y transiation directions of the
micrascope. Insent tﬁcspcamcn holder into the microscope.

15.3.2 Scan the entire grid at low magnification (250X to
1000X) to detzrmine its suitability- for high magnification
analysiy as specified in [5.3.3,

15.3.3 Grids are acccpmb}.c for analysis if the followiag

canditions are met:
15.3.3.1 The fraction of grid openings mvund by the

replica section is at feast 50 %.
15.3.3.2 Relative 1o that section of the grid covered by the

mnmhgmefmonofxmmdomgum

" than 50 %.

;hlilolé The factional ares of undissoived fiter i Jess
2z | N

13.33.4" The fraction of grid cpmxngsmﬂxav«hppmgor
folded repiica’'filin is less than 50 3.

15335 At least 20 grid openings, that have ao dverap-
ping or [olded replica, are less tharr 5°% coversd with holes

zndhanl:smmj‘%ap:qucmdmmmmpmelwr

dissnjution, -
, 15,4 Determination of Grid Opening Suitabifity:

15.4.1 Emcmdmmmmchmagnd
apcmngforznalymﬁcm variqus great of the grid so that the
eatire grid is represented, Determine the suitability of each
individual grid opening prior to the apalysic

15,42 The individual gnd apening must have Is:han

5 % holes over iis area.
15.43 Grid openings muszbe!asthanzs % covered with

particulate maczar.
15.4.4 Grid openings must be tmﬂ'orm! loaded,

15.5 Observe and record the orfentation of the grid at 80

to 150X, on a grid. map record sheet along with the location
of the grid openipgs that are cxamined for the analysis, If
indexed grids are wsed, a grid map is not required, but the
identifying coordinates of the grid square must be recorded. .

16. Recording Datx Ruies

16.] Recard on the count shect any continucus grouping
of partices in witic an asbestos fber i3 detected. Clasuidy
ashemes structures s fibers, bundles, clusters, or matricss a3

defined in 5.2,
162 Use the criteria for fiber, bundle, cluster, and matrix

ideatdfication, 2sdescrited in the USEP 4. isbestonContaining
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Materials in Schoals document (4), Record, for each AHERA 17, Sample Storage
structure identificd, the lengrh and width measurcments. {7.1 The washed-out sample cusezes be
afler use,

16.3 Record NSD (No Structures Detected) witen no

structures are detectad in the grid cpeaing.
[6.4 Identify structures ciassified as cirysotile identified

by cither clectron diffraction or X-my apalysis (7.3) and
recarded on a count shest. Verify at least one out of every tea

chrysotile structures by X-ray an:dys;s.

16.5 Structures classified 23 amphitoles by X-ray analysis

and electroa diffraction are recarded on the count sheet, For
more informaticn on identification, sex Yamatz, et a!. Mear

Chatfield and Dillon (8).
16.6 Record a typical electron diffraction pattern for ach

type of asbestos observed for each group of samples (or a.

minimum of every five samples) analyzed. Record the
micrograph number on the count sheet, Record at least one
X-my spectrum for.cach type of asbestas abserved pec
sample, Atach the print-outs to the back of the count sheet,

- If the X-my spectrum is stored, record the file and disk

number on the count shezt.

16.7 Cownting Rufes:
16.7.] At a screen magniflication of betwezn 15 000 and

20 (00X cvaiuate the grids for the most concentrated sample
loading: reject the sampie if it is sstimated o contain morz
than 50 asbesios stucturss per grid opening. Pmcced to the

next lower concentrated sample untl a ser of grids are

* cbtained that have less than 30 askestos structures per grid
cpening.

16.8 Analytical Sensitizip—An analytcal seasitivity of
approximately 1000 asbestos structurss per square ceati-
mene {(calculated for the detecdon of z single asbestos
structure) has beea designed for this apalysis This sensitivity
can be achieved by increasing the amouant of liquid fiitered,
fncrezdng the number of grid apenings amalyzed, or de-
creasing the size of the fnal fiter, Occasignally, due to hugh.

particle foadings or high asbestos concentadon, this apalyt-

{cal sensitivity cannot be practically achieved and stappmg .

rules apply.
169 Limit of De:ec.xon—-‘l‘h: limit of detecton for this

method 3 defined as, at a minimum, the counting of four

asbestos structures during the TEM analysis, If less than forn—-

ashestos structures are counted during the anafysis then the”
2nalydcil result which will be reported will be less than the
limit of detecdon and a “less than™ sign (<) will appear
befare the qumber. All data shall be provided in the labo-

ratary report.
18,10 Stapping Rules:
16.10.1 The analysis is stopped upon the compledon of

the grid square that achiizves an zoalytical seasitivity of less
than 1000 ashestos structurss per square ceniimetra,

16,102 {f an anaiyticai seasitvity of {0C0 asbestos struc-
{ures per square centimetre cannot be achieved after ana-
fyzing t=n grid openings then stop on grid opeaing Ne. {Q-or
the grid opening which contains the [00th asbestos structurs,
whichever comes first. A minimum of [our grid squares shail

be analyzed for each sample.

16.10.2.1 If the anaiysis is stagped tecause of the 100t

structure rule, the endre grid squars conmmng the 00t

structyre must be couanted,
18.11 Afleranalysis, remeve the 3rids (rom the TEM, and

replace them in the appropriate gnd storage holder.

172 Sample 3nds and unused filter secrions (7.13) must
be stored for 2 mimimum of one year.

18. Regordog

18.1 Repert ‘the following information for exch duse
sample analyzed: )

14.1.1 Concantration ir struciures/cm?,

18.1.2 The analydcal sensitvity.

18.1.3 Types of asbestos present, )

18.1.4 Number of asbestos structures counted.

18.1.5 Effective Sltration arca. -

18.1.6 Avcmgcmc of the TEM grid openings that were

counted :
18.1.7 Number of grid openings examined,

18.1.8 Sample dilution used. |

18.1:9 Area of the surface sampled.

18.1.10- Listing of siz= dam for esach structurs counted,

18.1.11 A copy of the TEM count shest or a compketz
lisdng of the caw daa. An cxzmplc of a typical count shes=t is

shown in Appendix X1.

18.2 Determine the amount of asbestos in any accspted”

sample using the following formula:
EFA x 100 mL X.4STR .
= ashestos structures/em? {
GOx GOA X ¥ x SPL o W

wheres

#STR = aumber of asbestos structunes counted,

EF4 = effectve fliter are of the final sampling fiiter, mm?,
GO = number of grid openings counted,

GOA = average grid-opening area, mm?,

SPL =-surfacz area sarupled, cor?, and

14 = vojume of sample filt=red~in step 10.4.9, repre-

seating the actual volume taksn from the original

100 mL suspension, mL, ) o
19. Quality Contral/Quality Assarages e

9.1 In general, the labcyatory’s quality control checks are
uxdtavcnﬁ'maxzsyxmmxspmanmngamrdmgm

' specifications regarding accuracy and consistency. o 2n

analytical laboratary, spiked or known quantitative samples
are normally used. Hawever, due to the difficulties in
preparing koown quantitadve asbestos samples, moutine
quality control testng focuses G re-analysis of samples
{duplicate recounts).

19.1.1 Re-analyze samples at a mte of 10 of the sample
sets (ane aut of evary ten samples anaiyzed oot including.
latoratory blanks). The re-analysis shall consist of 2 second
sampie preparation obtiined fom the final Glter. _

19.2 1o addition, quality assurance programs must follow
the criteria shown in the USEPA Asbestos-Containing Mote
rals in Schools document (4) and in the NIST/NVLAP
Program Handbook for Airbome Asbestos Analysis docu-
ment {6). These documeants describe sample custody, sampde
preparation, blank checks for comamination, calibeation,
sample analysis, analyst qualifications, and tecanical facli-

tes.
20. Caiibradons
20.1 Perfarm calibracdons of the inspumentation an a



¢h ps755

regular basis, and retajn these records in he laboratory, in
accordance with the jaboratory’s quality assurancs program.

202 Record calibrations in a log book along with dates of
calibration and the attached backup decumentation.

203 A calibration list for the instrument is as follows:

203.1 TEM: .

20.3.1.1 Check the alignment and the systems op:muon
Refer 1o the TEM manufacturer’s operational manuad for
detailed instructians,

20.3.1.2 Calibrate the camera length of the TEM in clec-
tron diffraction (ED) aperating mode before ED parterns of

' unkaowo san'xplm ara observed, Camera leogth can be mea-

sured by using a carbon coated grid on which a thin {m of
gold has been sputtered or evaporated. A thin film of gofd is

' evaparated on the specimen TEM: grid to obmin' zone-axis

ED patierns superimposed with 4 ring pattern from the poly-
crystallive gold filrn. In practics, it is desirable to optimize
the thickness of the gold film so that only ane or (wo sharp
rings are obtatned an the supcrimpesed ED panerm. Thick
gold films will tend 1o mask weak diffracdon spats from the
fibraus particles. Since the unknown d-spacinpgs of most
interest in asbestos analysis are those which lie closest to the
transmitted beam, multiple sold dngs fom thick films are
unnecessary. Altermatively, a gold standand specimen can be
used to obtain an average camera coastant calculated for that
particufar instrument and can then be used for ED pasterns
of unknowns taken during the corresponding pericd.
20.3.1.3 Perform magnificatjon calibration at the luoses.
cent scre=n. This calibration must be performed at the
magnification used for structure counting. Calibration is
pafonned with a grating replica (7.47} (for axamplc, one

conaiaing at least 2160 lines/mm).
{a) Define a ficld of view on the fuorescent sreen. The

field of view must be measurabic or previously inseribed with
a scale Or concentric creles (all scales should be metric)
{b) Frequency of calibration will depend on the s:rwcc

. history of the particulac microscope.

(c) Check the calibration afier any maintenance of the.

microscope that invelves adjustment of the power supply to
the lens or the high voltage system or the mechanical

disassembly of the e!cc:rou optical column (apart &-am

filament cxcba.ngc)
{d) The analyst must ensure that the grating rcpb.ca is

placad at the same distancs from the objective lens as the

specimen,
(¢} For instruments that incorporate a eucsniric tiiting
specimen stage, afl specimens and the grating replics must be

placed at the cuceatric paosition.
20.3.1.4 The smallest spot size of the TEM must be

checked.
{a) At the crossaver point, photograph the spot size at a
screen magnification of 15000 to 20 060X, An exposure

time of | s is usuafly adr.quatc.
(&) The measured spat sizz must bc fess than or cqual to

" 250 am.

204 EDXA:
20.4.1 The rc:.oiuuon and clibration of the EDXA must

e verified.

20.4.1.1 Collect 2 stxndard EDXA Cu peak from the Cu -

arcd
 memene channel

number for the Cy pa.k and be czrmin that readings are

within =10 eV.
20.4.2 Coflect a standard EDXA of crocidolite ashestos

{NIST S&M 1366),

20,42} The elemenri analysis. of the a'oczdahtc must
resolve the Na peak,

20.4.3 Coflect a standard EDXA of chirysotile asbestas,

2.4.3.1 The cemental analysis of chrysotile must resojve
both Si and Mg on a single chrysotile Sber.

205 Ultasonic bath calibration slx:r.ll be pcrformcd as

follows:
20.5.1 Fillthcbalhwazcrwalcvdcqua!mmchaghtof

suspension in the giass sample container that will be used for

the dust analysis] Opcx:m:mcbahunul d'&cwamrrcachcsmc

equilibrium temperature,
20352 Place 100 mL of watcr (at aupmxxmmdy 20°C) ia

another 200-mL glass sampie cantainer, aod record its

wemperature.
20.53 Placs the sampic cmumer in the water in the

ultrzsonic bath (with the power turned off). After 60 3,
remave the glasy container and recard its temperatuce,

20.5.4 Place 100 mL of water (at approxxma:dy 0Cin
ancther 200-mL glass samplc container, and rccord its
temperature,

20.5.5 Place the secand sa.mplc coatainer into the waterin
the ultrasoaic bath (with the power turned on). After 60 3,
remave the glass container and cecord ity temperatire,

205.6 Calculatz ihe raie of emergy deposition into the
sample container using the {ollowing formula:

R=4185X 9 X pX

wheres -

4,185 = Jaules/cal,

R = enc:xyd:posmnn, wau:/ml’., ’

= tamperaturs rise with the ultyasonic bath aat aper-

4
- ating, C,
8y ~5c'mpmumns=mththculmnwbamcpcxmng.
z = time in seconds, 60 3 (20.5.3 and 20.5.5),
e = specific. hext of the liquid i the glass mmple
contaiper, 1.0 cal/g, and :
) = deagity of the liquid in the glass sample container,

1.0 g/em’.
205.7 Adnxthccpcmnngwndmcnsofthclmhmthat
the rate of energy deposition I3 in the range of 0.08 o 0.12

MW/m?, as defined by this precedure.

21. Precizion and Blas _
21.1 Predsion—The precision of the procedure in this test
method is being determined using round robin data from
pardcipatng laborataries. :
213 Bigs—Since thers i3 no accepted reference matenial
suitabie for defermining the-bias of the procadure in this st
method, bias bas not bemn determined (ses Specification

{

D 3670). {
Natz 3~Round robin data it under devdopment 3ad will be
presened i 3 rcsan:h report.

22, Keywords | ‘
22.1 asbestes; micravacuuming; settled dust; TEM

By = 4) . A
; Q)

T



i os7ss
APPENDIX
(Neamandatory Infermatoa)
X1. DUST SAMPLE ANALYSIS |
KLt See Figs. Xl and X!1.2 for the dust apalysis workshcctand the TEM count shest,

+ DUST SAMPLE ANALYSIS

Clenz ' Accelerating Voitage:

Sampla {0: . b Inclcated Mag: . X

Jab Number: ' Scraen Mag: KX

Data Sampla Analyzad: - - Microscage: 1 2 3 4 5

Number of Openings/Grds Countad: I Fiter sze:

Giidd Aczagptad, 600 Yas No -+ Fiter Slza: .

Percant Laading: * Filter Pora Stze (um):

Grid 8ax #1: Grid Gpenirg: 1 um x um
2 g x -~ ym

Analyst:

Reviswer: Counting Rules: AHERA LEVEL Y

" Calculation Data:
Efective Filter Area In mm™ : (EFA) L.

Number of Grid Openings Caounted: (GO)
Avderage Grid Opening Area in mm* (GQA)
)

Voluma of sample Filtered in mi:
Surface area Sampled in cm* 8P
Number of Asbestos Structures Counted:”  (#STR)

* if the number of asbestes structures countad (s lass than or aqual to 4, snter 4 structuras as tha limit of detsction here.

FORMULA FOR CALCULATION OF ASBESTOS STRUCTURES "DUST" PER CM*

EFAX X 100 X #STR ~ (Ashestos Structuras per cm?)

GO X GOA X vXsPL

Rasuits for Total Ashestos Structuras:

{Structures par cm)

Resuits {or Structuras > micrens:
: (Stuctures ger o=}

FIG, X1.1 Dust Sample Analysis ¥ork Jheet
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' Job Numper: 4
, Structure | Grid & tangth Width - Confrmation
I # Saquare # | Type Stuctura Microns | Microns [Morph.] SAED | EDS
l | .
i
| = I
~ -
r ]
1 | | 1]
Note: Keys to Abbrsviations Used in Figure: ) K
Type: Structure: Others:
. c = Chrysaille F = Fider NSO = No Structurss Detected
AM = Amosite B = Bundle Maoph = Morphaiogy '
CR = Crocidolite C = Cluster SAED = Sa(ec;sd Araa Blectran Qiffraction
AC = Actnalits M = Matrix EDS = Ensrgy Dlsparsive X-Ray Specrescapy |
TR = Tramofte N _ ER = InBr-Row Spacing : .
AN = Anthophyilte NP = NoPattsm .
N = Non Asbestas ' ’ (jl
. AG X123 TEM Couat Sheet : .
‘ ’.;
W
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